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OILSTONE. A fine-grained fiono-stone used 
with oil for sharpening edged tools. The most 
celebrated is the Turkey oilstone, an extremely 
hard and compact material, obtained in the in- 
terior of Asia Minor, and exported from Smyrna. 
It contains 70-75 p.o. silica, 20-26 p.c. calcium 
carbonate, and a little alumina. Two varieties 
are recognised, the white and the black, the 
latter being slightly the harder. In this 
country the Charley Forest stone has obtained 
great repute as an oilstone for whetting tools 
and penknives. It is a " ■ ‘ \ . 

slaty rock, worked at Whil 
Forest, Leicestershire. The Welsh oilstone is a 
somewhat similar material, from near Llyn Idwal 
in North Wales, wliilst the Devonshire oilstones 
are obtained from the neighbourhood of Tavi- 
stock. Several kinds of oilstone are worked in 
the United States. The Arkansas stone is a 
compact or fine-grained rock of bluish-white 
colour, used for delicate instruments, like those 
of surgeons and watchmakers. Somewhat 
similar, but more abundant, is the W ashita oil- 
stone, a white, opaq;uo stone used chiefly by 

^ ■“—-a the Washita (or Ouachita) 

! ; ■ . ■ . The name ‘ novaculite ’ is also 

applied to the Arkansas and Wasluta stones. 
Their material consists almost entirely of 
chalcedonio silica (99-6 p.c.). 

In preparing oilstones for use, the rough 
pieces are cut into regular shapes on the lapi- 
dary’s wheel, fed with diamond powder, and are 
rubbed smooth with sand or emery on an iron 
plate. The slab of stone is in some cases 
cemented to a wooden base, by means of putty. 
Some of the stones are used not only for sharpen- 
ing tools, but fo’- ■'‘".’-bir.cr turned and planed 
surfaces of metal !;. ( ):i-;o!v:: powder is also 

employed for grinding the brass _ fittings of 
mathematical instruments (v. R. Knight, Trans. 
Soc. Arts, 50, 233 ; 0. Holtzapflel, Turning, vol. 
3, 1081 ; and G. P. Merrill, The Non-metallic 
Minerals, 2nd edit., 1910 ; v. also Whetstones). 

F. W. R. 

OKRA, also called guml)o ; Hibiscus escu- 
lentus ILinn.), an annual plant bearing edible 
Vol. IV.— T. 


pods. Zoga (Ohem. Zeit. 1900, 24, 871) found 
as the average of 4 analyses — 

Water Protein Pat H-free extract Pitoe Ash 
80-7 4-2 0*4 12-1 1-2 1*4 

According to Americair analyses (Bull. 28, U.S. 
Dept, of Agrio. 1899), the eclible portion of the 
pods, used largely as a vegetable in. America, 
is much more watery, as shown by the following 
figures : — 

Water Protein Pat N-free extract Crude flhre Ash 
90-2 1'6 0-2 4-0 3-4 0*G 

whilst, according to the same authority, canned 
okra contains — 

Water Protein Pat N-free extract Crude fibre Asli 
94-4 0-7 0-1 2-9 0-7 1*2 

(v. also Tinsley, Amer. Chem. J. 1893, 14, 
625). H. I. 

OLD FUSTIC is the wood of a tree known 
as the ChloropJiora tincioria (Gaudich), pre- 
viously called Morns tinctoria (Linn.) which 
occurs wild in different tropical regions. The 
tree frequently grows to a height of over 60 
feet, is exported in the form of logs, sawn 
straight at both ends, and usually deprived of 
the bark. The best qualities of old fustic come 
from Cuba and the poorer from Jamaica and 
Brazil. It is at the present time used very 
largely, and, together with logwood, is the most 
important of the natural dyestuffs. 

T’’ -r’-r" '." -natters of old fustic were 

first ■ ■ ' . Chevreul (Lemons de chimie 

appliqtu^e a la teintirre, II. 160), who described 
two substances, one sparingly soluble in water, 
called morin, and a second somewhat _ more 
readily soluble. Wagner (J. pr. Ohem._ [i.] 61, 
82) termed the latter moritannic acid, and 
considered that it possef- d "r — 

composition as morin. : .i ■ ■ ' i ■ 

(Annalen, 127, 351), on the other hand, found 
that the so-called moritannic acid was not' an 
acid, and as moreover its composition and 
properties were quite distinct from_ those *bf 
morin, they gave it the name ‘ Maclurin.’ 

Morin Gi 5 Hjo 07 , 2 H 20 . To isolate this 
colouring matter from old fustic a boilipg extract 
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of the rasped wood is treated with a little acetic 
acid and then with lead acetate solution. This 
causes the precipitation of the morin in the form 
of its 'yellow lead compound, whereas the main 
bulk of the maclurin remains in solution. The 
washed precipitate in the form of a tliin cream 
is run into boiling dilute sulphuric acid, and the 
hot liquid, after decantation from the lead 
sulphate, is allowed to stand. Crystals of crude 
morin are gradually deposited, and a further 
quantity can be isolated from the acid solution 
by means of ether. During the preparation of 
commercial fustic extract, the solution on stand- 
ing, or the concentrated extract itself, deposits, 
as a rule, a bro'wnish-;!'!- '! ■. b ", v 'uch con- 

sists principally of a :: i '.i iic o ■ and its 
r- calcium salt, and this forms the beat source for 
the prepai’ation c* ’"v — uu — -r j-r-g colour- 
ing matter. Th ■ ■ ■ mth a 

little boding dilute hydrociilonc acid to decom- 
pose the calcium compound, extracted with 


of a little boiling water to the mixture. 

Crude morin can be partially purified by 
crystallisation from dilute alcohol or dilute 
acetic acid, but the product usually contains a 
trace of maclurin. To remove the latter the 
finely powdered substance is treated in the 
presence of a little .boiling acetic acid with 
fuming hydrobromic acid (or hydrocldoric acid), 
which precipitates the morin as halogen salt, 
whereas the maclurin remains in solution 
(Bablich and Perkin, Chem. Soc. Trans. 1896, 69, 
792). The crystals are collected, washed with 
acetic acid, decomposed by water, and the 
regenerated morin crystaUised from dilute 
alcohol. 

Morin crystallises in colourless needles 
(B. and P.), readily soluble in boiling alcohol, 
soluble in alkaline solutions with a yellow 
colour. Lead acetate solution gives a bright 
orange-coloured precipitate and ferric chloride 
an olive-green colouration. 

Loewe (Zeitsch. anal. Chem. 14, 112) was 
the first to assign to morin the formula Ci[;H.,o07, 
and that this was correct was shoAvn by the 
analysis of its compounds with mineral acids 
(Perkin and Pate, Chem. Soc. Trans. 1895, 67, 
049). The ’hydrochloride, hydrdbromide, and 
hydriodide are obtained in orange-coloured 
needles, and possess the formulae Cj r,HioO,-HCl, 
CiBHjoOy-HBr, and CuHioO^'Hl, but the 
sulphuric acid compound, Icnown as anhydro- 
morin sulphate C^gHsOj-HaSOd, orange-red 
needles, is of an abnormal character. Mono- 
2 '>otassimrh morin C^gHgO^K, yellow needle.s, 
monosodimn morin Gj^E.^O-,lii&,ma(fmsiuin morin 
(CjgHgO,)aMg, orange-yellow needles, and 
harkm morin (CigUjiO^laBa, orange crystalline 
powder, have also been prepared (Perldn, 
Chem. Soc. Trans. 1899, 75, 437). 

■When an alcoholic solution of morin is 
treated with bromine (Benedikt and Hazura, 
Monatsh. '5, 667 ; Hlaziwetz and Pfaundler, J. 
1864, 557) it is converted into tetrahrom-morin 
ef^Ajl ether CigHgBr40-Et,2H20, colourless 
needles, m.p. 155*’ (Uerzig, Monatsh, 18, 700), 
and this when digested with stannous chloride 
E- ’ . 1 acid gives tetrdbronio -morin 

C ! and H.), colourless needles. 


m.p. 258°. According to Perkin and Bablich, 
this latter compound is more simply prepared 
by the direct bromination of morin suspended 
in acetic acid. 

Morin forms few crystalline derivatives. By 
the action of acetic anhydride, according to the 
usual methods, a colourless amorphous product 
results, and a crystalline ■ ' ' ' 

not yet been prepared. ■ . ■ ' ' 

however, converts the monopotassium salt of 
the colouring matter into tetra-aedyl morin 
C,gH807(C2Hg0)4, colourless prismatic needles, 
imp. 142°- 145°, but this on further acetylation 
gives an amorphous compound. 

Tetrabromomorin, on the other hand, yields 
, — -r—i-ucitive (Bablich and Perkin) 
I , ; ■ I ' ))j., colourlo.ss needles, 192°- 

i94“, ana it was subsequently found liy Horzig 
that tetrabromomorin ethyl ether yields the 
eompound Ci5liBr407Et(02H30)4, m.p. 110°- 
120 °. 

By fusion with alkali morin gives phloro- 
glucinol (H. and P.), and resorcinol (B, and H.), 
whereas in this manner Bablich and Perkin 
isolated fi-resorcylic acid, 1 .'i-d 

with methyl iodide morin ‘ ’r" ; ■ 

CigHgOglOCHgli (B. and P.), i'. -, 

m.p. 131°-132°, is produced, but is isolated 
with difficulty, and from this compound with 
alcoholic potash a yellow potassium salt, readily 
decomposed by water, is obtained. 3£ono- 
acetyltetramethylmorin Ci5H503(0CH3),iG2l-l30, 
colourless ncec'iles, melts at 167°. 

Morin tetraethyl ether Oi5lI,jOa(OC2Hf,),i 
(Perkin and Phipps, Chem. Soc, Trans. "1901. 
85, 61). yellow needles, m.p. 126°-128'’, and 
acetylmor intetraethyl ether 




colourless needles, m.p. 121°-123°, could only 
be prepared in small quantity. 

When morin tetramethyl ether is hydrolysed 
Avith alcoholic potash p-resorcylic acid dimethyl 
ether, and phlororjlucinolmonomethyl ether arc 
produced. Bablich and P ’ " ■' ’ ' ■ 

morin the con.stitution of a ■ ■ 

(tetrahydroxyfl avonol ) — 


/ 


>OH 




C-OH 


Oil 


and that this formula corrently repre.sents the 
substance, has been proved by its syntlK'sis 
(Kostanecki, Lampe and Tambor, Bci’. 1906, 
.39, 625), and .also by the investigation of Horzig 
and Hofmann (Ber. 1909, 42, 155). It ha,s 
been shoAvn by tlie latter chemist.s that when 
morin is methylated by means of methyl sul- 
phate morin penkmethyl ether OjjHgOolOGHglg, 
needles, m.p. 154°-157°, can bo prochie'ed. 
This c:m'v;!-d is hydrolysed with boiling 
p.-'-.s-i into ^-reaorcylic acid dimethyl 
ether (1), and fisetol trimelhyl ether (1) {cf. 
Quercetin and Eisetin) — 


OH COOI-f/ '.OCR- 

(1) i, CO— CH2OCE3 (2) 

OCHg " 

the latter being identical with the compound 


3 
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obtained in a similar way from quercetin 
pentamcthyl ether. 

Kostanecki, Lampe and Tambor (Ber. 1906, 
39, 625) have synthesised morin by reactions 
similar to those found serviceable in the artificial 
pi'eparation of fisetin and quercetin (■ 9 ee YotTNa 
jrtrsTic and Qtjerciteon bask), but in this case 
the formation of the flavanone did not pro- 
ceed smoothly and only a small quantity could 
be prepared. The synthesis is illustrated by the 
following formulsB — 

OCHs 

CK^O,/ "i— OH CH— / \ 0 GH 3 
|i \ -/ 

1^ I CO— CH 
OGH 3 

2'-hydroxy-4:':6':2:4-tetraiucthoxyclialkone. 

OCH3 

CHsOj^^-^^^^GH— / \ 0 CH 3 

I I 

' GHo 




OCH« 


CO/ 




1 :3 ;2';4'-totramethoxyflavanone. 

qCHa 

CH 30 j^'/|-^°^ 0 H.— / \ 0 CH 3 
.(j : NOH 


x/'^co/ 

CH3O 

a-isonitroso-l:3:2';4'-tetrame.tIioxyflavanone. 

OGH3 

CH30/N'^°'\C— / \0CI-l3 






I 1. /COH 
OH 

Morin trimotliyl ether. 
OH 

Oh/'\-^°'^C— / '\0H 


"i5^,\co/ 


&H 


Morin. 


Morin dyes mordanted woollen cloth shades 
which, though of a slightly stronger character, 
closely resemble those given by kaempferol. 

Ohromiuni Aluminium Tin Iron 
Alorin . Olive yellow Yellow Lemon Beep olive 

yellow brown 

Kaempferol Brown yellow ,, Bright Deep olive 

yellow brown 

(Perkin and Wilkinson, Chem. Soc. Trans. 
1902, 81, 590). 

Maclurin CisI-ImOe. When morin is pre- 
cipitated from a hot aqueous extract of old 
fustic by means of lead acetate the solution 
contains maclurin. After removal of lead in 
the usual manner, the liquid is partially evapo- 
rated and extracted with ethyl acetate, which 
dissolves tl X . ' ■ atter. The crude 

product is ' . dilute acetic acid 

(Perkin and (Jopo). A crude maclurin is also 
o btained during the preparation of fustic extract, 
partially in the form of its calcium salt, and 
this product is treated with dilute hydrochloric 
acid and crystallised from water. In order to 
decolourise the crystals, acetic acid is added to 
a hot aqueous solution and a little lead acetate 
in such quantity that no precipitate is formed. 


and the solution is treated with sulphuretted 
hydrogen. The clear liquid is now -much less 
strongly coloured, and after repeating the opera- 
tion two or three times, the maclurin, winch 
crystallises out on standing, possesses only a ' 
pale yellow tint. 

When quite pure maclurin consists of 
colourless needles, m.p. 200° (Wagner, J. 1850, 
529), sonaewhat soluble in boiling water, soluble 
in alkalis with a pale yeUow colouration. With 
aqueous lead acetate it gives a yellow precipitate 
and with ferric chloride a greenish-black coloura- 
tion. 

Hlasiwetz and Pfaundler (J. 1864, 558) 
assigned the formula CisH^^nOg to maclurin, 
and found that by boiling with potassium 
hydroxide solution it gives phloroglucmol and? 
protocateclmic acid. 

’ 

^ 3 ielts ■ . V ■ ■ and Kostanecki, Ber. 

1894, 2 /, iyyoj; and tribrom maclurin 


Ci3H7Br303,H20, 

colourless needles has been obtained by Benedikt. 
Maclurin peniamethyl ether C, 3 H 30 ( 0 CH 3 ) 5 , 
colourless leaflets, melts at 157°. Konig and 
Ko.stanocki first assigned to maclurin the con- 
stitution of a pentaliydroxyhenzoplmione — 

OH 

|/'\_CO— j/^ \|OH 
OHI jOH i joH 


W. H. Perkin and Eobinson (Chem. Soc. Proc. 
1906, 22, 305), and somewhat later Kostanecki 
and Tambor (Ber. 1906, 39, 4022) synthesised 
maclurin pentamethyl ether, by the interaction 
of veratric acid and phloroglucinol trimethyl 
ether in presence of aluminium chloride — 


OCH3 



= OCIial 



Pentamethylmaclurin. 


When maclurin pentamethyl ether is digested 
withalcoholi' " ' ’ ■ -V'- ■ iust Uucomaclurin- 

pentamethyl \ and Lampe, Ber. 

1906, 39, 4014) 

OCH3 

X\ cH(OH)— f^qOCHs 
OCHsl^yOCHa qOCH'3 

is produced in prismatic needles, m.p. 109°- 
110 °, and this on further reduction gives penta- 
mcihoxydiphenyl methane, m.p. 107°-108°. 

On the other hand, if leucomaclurin penta- 
methyl ether is oxidised in acetic acid solution, 
veratric acid and dimethoxyhenzoquinone are 
formed. 

Maclurin is interesting as it represents the 

’ ■ ’ 1 --,- -1 ^ -• ■^•"'•’which 

■1 )ssible, 

however, that kinoin from Malabar kino, ajU 
aromadendrin from eucalyptus kino also belong 
to this c]a.ss {v. Kino). 

Patent fustin. Under the name of ‘ patent 
fustin’ a colouring matter has-been placed on 
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OLD FUSTIC. 


tlio market, wliich consists chiefly of disazoben- 
zeno maclurin (0. S. Bedford, 1887 ; Eng. Pat. 
12667). To prepare this substance old fustic is 
extracted with boiling water, the solution is 
decanted from the precipitate of morin and its 
calcium salt which separates on cooling, and is 
neutralised with the necessary quantity of 
sodium carbonate. Diazobenzene sulphate is 
then added until a precipitate no longer forms, 
and this is collected and washed with water. 
It is sold in the form of a paste and dyes chrome 
mordanted wool an orange-brown shade. 

Disazobenzene maclurin (Bedford and Perkin, 
Chem. Soc. Trans. 1895, 07,033 ; ibid. 1897, 71, 
186) which crystallises in salmon-red prismatic 
needles, m.p. 270° (decomp.) has the following 
c’onstitution — 


OH 


O0U5N, 

OH 


- 00 - 

OI-I 


y^.oK 

]OH 


GoHsNs 

With acetic anhydride it gives triacetyl disazo- 
lenzene maclurin G^ 3 H 50 r,( 0 „H(;lSI' 2 ) 2 ( 0 oH 30 ) 3 , in 
orange-rod needles, m.p. 240°-243° (decomp.). 

Dyeing properties of old fustic. In silk and 
cotton dyeing fustic is employed to a compara- 
tively limited extent, but in avooI dyeing it is 
the most important natural yellow dyestuff. 
The olive-yellow or old gold colours which fustic 
yields when used with chromium mordant 
and the greenish olives obtained with the use 
of copper and iron mordants are all fast to light 
and milling, but the yellow colours yielded in 
conjunction with aluminium and tin po.ssos8 
only a moderate degree of fastness with respect 
to light. Fustic is chiefly employed in wool dye- 
ing with potassium dichromato as the mordant, 
and it is for the mo.st part used along with other 
dyestuff.s, e.g. logwood, alizarin, &o., for the 
production of various compound colouns, olive, 
brown, drab, &c. A. G. P. 

OLEFIANT GAS w. Ethyl. 

OLEFINES. H”:lrr';~..rl-.;.n.-: of the O./Hs., 
series homologoas w!...'. ef.r, 

OLEIC ACID V . i'-', and Fat.s ; 

SAPONIHrCATION. 

OLEIN V . Oils, Fixed, and Fats ; 
Glycerin. 


OLEOMARGARINE v. Margarine. 

OLEO-RESINS. Under the generic terra olco- 
resins are here described the chief representa- 
tives of that large group of natural products the 
essential constituents of which are resin and 
volatile oil. The.se substances are, for the most 
part, the oleo-resinou.s juice.s of plant. s mure or 
less deprived of their volatile oil by evaporation, 
but still retaining enough for it to rank as one of 
their two leading components. For a more 
detailed list of oloo-resins, the numerous reports 
on botanical economics, and the catalogue, s of 
the variou.s museums, should be consulted. 
Compare also the introduction to the article on 
IIB.SIK.S 


Copaiba, Oho-rasin copaiba ; Balsam of 
copaiba or copaiua or capivi; (Baimie ou olco- 
rminc da copalm, Fr. ; Gopaiva balsam, Ger.). 
Copaiba is the oleo-resinous secretion of the 
trees of tlie genus Gopaifera, especially the 
species C. Lansdorjii (Desf.), which inhabit the 
warmer dTstrrat^of South America. Descriptions 


of the leading .species yielding the so-called 
balsam are given by Fliickiger and Hanbury 
(Fliick. a. Hanb. 227) and Bontl. a. Trim. 93. 
The drug became known in Europe in the 
seventeenth century, and was included in the 
Amsterdam Pharmacopceia of 1636 and the 
London Pharmacopoeia of 1677. The yield of 
oleo-resin from a single tree is very great, the 
ducts containing it distending sometimes to such 
an extent as to burst the ’ with 

a report which is heard i . ■ .In 

commerce the Para variety is chstinguished from 
that coming from Maranham and from the rarer 
Maracaibo copaiba. 

In trade the oleo-resin occurs a.s a trans- 
parent, rarely ■ ’ ' . ‘ " liquid of a 

pale-yellow or colour, and 

a characteristic ■ , ■ disagreeable, 

odour and persistent acrid bitterish taste. The 
specific gravity, which varie.s with the pro- 
portion of oil present, is generally 0-94 to 0-993. 
Alcohol, benzene, carbon disulphide, or acetone 
chssolve most specimens of copaiba : glacial 
acetic acid dissolves the resin only. When 
mixed with small quantities of magnesia, lime, 
or baryta, most specimens form a stiff mixture 
hardens. This depends upon 
an acid resin which forms solid 
■ ' ' .vith alkaline earth metals. 

.Fliickiger (Jahresb. Pharm. 1867, 162 ; 1868, 
140) finds the action of copaiba on polarisc(l 
light to vary, some spocimon.s being dextro- and 
others lajvorotirtory. 

The volatile oil in copaiba varies from 20 to 
80 p.c., the percentage of resins, which are the 
sole other constituents, showing corresponding 
differences. A method for the estimation of the 
volatile oil is given by Oripps (Pharm. J. [iii,] 22, 
193). 

Volatile oil of copaiba or copaivene C nffll^^ I.S 
an isomeride of oil of turpentine. It boils'at 
252°-256°, is soluble in 8 to 30 parts of alcohol 
(sp.gr. 0-830), or in 3 parts of ab,solute alcohol, 
and has a sp.gr, of 0-88 to 0-91. The oil has 
the odour and taste of copaiba. "W''..:-;; ]■;. d: 
chloride is passed into the drie i i-iy-'.'i'- 
copaivene hydrochloride C 2 oH., 2 , 4 HOi are formed 
(Levy and Englander, Annaien, 242, 191). Gf. 
Bonastre (J, Pharm. 11 , 529) ; Ader [ibid. 15, 
95) ; Gerber (Br. Arch. 30, 157) ; Blanchct 
(Annaien, 7, 156) j Souheiran and Gapitaine (J. 
Pharm. 26, 70) ; Aubergior {ibid. 27, 278) ; 
Gerhardt (Oompt. rend. 17, 314) ; Chautard 
{ibid. 34, 485) ; and Po.s.selt (Annaien, 69, 67). 
The terpene of Maracaibo copaiba boils at 

250°-260°, and gives " - ' )chlorido 

(Brix, Monatsh. 2, 5 . . ■ hydrate 

(C. 2 „H 32 ) 3 ,H 20 is obtained towards the end of 
the operation when the moist terpene is distilled 
over sodium (Brix). 

The oil from copaiba balsam collected in 
Surinam from • . (Desf.) boils, 

for the most pa , ■' ■ - , ' .appears to bo 

a mixture of two sesquiterpenes. The fraction 
boiling at 270°-280° contains a little cadinene. 
Towards the end of the steam distillation of the 
balsam, a sesquiterpene alcohol GijI-LnO, m.p. 
114°-li5°, separates in the condenser from which 
a sesquiterpene C 13 H 2 . 1 , b.p. 252°, is obtained. 
The latter is a mobile liquid which soon changes 
in the air to a resinous solid (van Itallie and 
Nieuwland, Arch. Pharm. 242, 539; 244, 161). 


OLEO.RESINS. 


Of tile copaiba, resins many are found only 
in certain varieties of the olco-resin. The most 
important is the crystalline acid resin copwivic 
acid CgoHanOo. Tliis constitutes by far the 
greater portion of the crude resin, and may be 
obtained according to Schiveitzer (Pogg. Ann. 
17, 784 ; 21, 172) by dissolving the resins in 
aqueous ammonia and sotting aside at a tempera- 
ture of —10°, when it separates in the form of 
crystals. Copaivic acid was further studied by 
Hose (Pogg. Ann. 33, S3 ; Annalen, 13, 177 ; 40, 
310) and Hess {ibid. 29, 140) when the formula 
was established. The acid is an isonieride of 
abiotic acid. Crystalline deposits sometimes 
occur in ' " . ■'''■■ of these, in an old 

specimen . ■ variety, which was 

supposed to be copaivic acid, was examined by 
Pliicldger and Hanbury (Fliick. a. Hanb. 231). 
It melted at 116°-117°. Another deposit in- 
vestigated by Eehling (Annalen, 40, 110) proved 
to be an allied compound oxycopaivic acid I 
CaoHaHOg. Similarly, Strauss {ibid. 148, 148) 
extracted metacopaivic acid C22H34O4 from 
Maracaibo copaiba. Copaiba from Maracaibo 
and Par4 has been examined by Tschirch 
and Keto (Arch. Pharm. 239, 1548). After 
separation of the resin acids and the essential 
oil, a small quantity of a mixture of indifferent 
trsencs remained mostly, but not wholly, soluble 
in alcohol. Prom the Para balsam, para- 
copaivic acid C20H32O3, m.p. 145°-148°, ex- 
tracted by 5 p.e. ammonium carbonate solution, 
and liomo-pamcopaivic acid CisH2s03, m.p. 
lil°-112°, were obtained. From samples of 
Maracaibo copaiba, fi-mektcopaivic acid CnHi 3O2 
(or CjoHo^Og), melting at 89°-90°, and illuric 
acid CgoHasOg, melting at 128°-129°, were 
isolated. Other resms have been described by 
Martin and Vigne (J. Pharm. Chim. [iii.] 1, 52), 
Posselt (Annalen, 09, 67), and Rush (Amer. J. 
Pharm. [iv.], 9, 305). Cf. Oberdofer (Arch. 
Pharm. [ii.] 44, 172); Ulck {ibid. 122, 14); 
I’rocter (Pharm. J. [iii.] 10, 003) ; Roussin 
(J. Pharm. Chim. [iv.] 1, 321); Levy (Ber. 18, 
3200). 

lllurin oleo-resin, an African variety of co- 
paiba, obtained from Hardwickia Mannii (Oliver) 
in the Niger basin, also examined by Tschirch 
and Keto, contains illuric acid which closely re- 
sembles Fehling’s oxycopaivic acid. It crystal- 
lises in the hexagonal system and is a monobasic 
acid. It gives the cholesterol reactions and is 
not affected by fusion with ■ ' ’ ' ’ . ' dde ; 

in these and other respe , ■ the 

resin acids of the conifera;, especially pimaric 
acid, but it differs from them by reducing silver 
salts in ammoniacal solution. 

In medicine, copaiba is employed for its 
stimulating action on mucous membranes, espe- 
cially those of tire genito-urinary system. 

Adulteration of copaiba has been largely 
practised. Tur^Jentine, castor oil, and gurjun 
‘ balsam ’ are tyi)ical of the adulterants em- 
ployed. Numerous methods of testing have been 
proposed. These are reviewed by Siebold 
(Pharm. J. [hi.] 8, 251). It is shown that the 
specific gravity or percentage of resin and oil is 
so variable as to be of no value in detecting 
adulteration. Many properties while apper- 
taining to most specimens of the oleo-resin are 
not found in all. Thus fluorescence, a character 
«»f gurjun ‘ balsam,’ is not absent from all speci- 


mens of true copaiba ; all specimens do not 
dissolve one-fourth of their weight of magnesium 
carbonate or form a clear solution Avith aqueous 
ammonia or alcohol. Benzene is a universal 
solvent for coi)aiba, but it behaves in the same 
manner toward all the ordinary adulterants. 
Muter (Analyst, 1, 100) devised a method for the 
‘ detection of castor oil and other fats,’ depend- 
ing upon the separation of their sodium salts, 
but Siebold considers the following simpler 
method much more delicate. A gram or so is 
heated in a watch-glass until all oil is driven off, 
which is the case as soon as the residue assumes 
a rich-brown colour. If the remaining rosin is 
brittle and pulverisable, no fatty oil is present. 
As little as 1 p.e. of oil can be thus detected’. 
Gurjun or wood oil may be discovered by 
Fliicldger’s process (Fliick. a. Hanb. 233 note). 

I One drop of copaiba is agitated in a test tube 
with 19 drops of carbon disulphide, and to this 
is added a drop of a mixture of equal volumes of 
strong sulphuric and nitric (P42) acids. After 
a little agitation, copaiba becomes reddish- 
brown Avith a deposit of resin on the sides of the 
tube; gurjun oil gives an intense purplish-red 
colour changing to violet, Avhilst the oleo-resin of 
Hardwickia^ sometimes an adidterant of copaiba, 
gives no perceptible alteration of colour. By 
■ - I' • . ’ -t of gurjun oil in 8 parts of 

ictod. Another method is 
:! ■ . Centh. 10, 257). 1 volume 

; h 4 volumes of light petro- 

IcAxm gives either a clear solution or only a 
slight turbidity Avhich, Avhen it settles, forms not 
more than a thin lilm covering the bottom of 
the vessel. Gurjun oil is insoluble in light pet- 
roleum and settles in half an hour. Benzene 
cannot be substituted, as has been proposed, 
for light petroleum. Gurjun balsam can also 
bo detected in copaiba by giving a reddish 
colouration, changing to blue, Avhon the sample 
is boiled Avith 3 parts of 95 p.e. alcohol and 
I part of crystallised stannous cliloride, and by 
affording a reddish or pui'ido colour Avhen 4 drops 
of copaiba are carefully added to a mixture of 
half an ounce glacial acetic acid with 4 drops 
of nitric acid {cf. Brit. Pharm. ). The presence of 
oil of turpentine is recognised by Siebold during 
the evaporation for the detection of fixed oils, 
and may bo further identified by distillation and 
fractionation of the volatile oil. Turpentine 
boils at 160°-] 80°, oil of copaiba at 240°-250°. 
Sec further : Bowman (Amer. J. Pharm. [iv.] 

7, 385) ; Ifulton {ibid, [iv.] 7, 550) ; Rush 
(Pharm. J. [iii.] 10, 5) ; Hager (Pharm. Centh. 
1870, 296; 24, 141); Prael (Arch. Pharm. [iii.] 
23, 735, 769) ; Wayne (Amor. J. Pharm. [iv.] 3, 
320); Maupy (Chem. Zentr. 1894, i, 929); 
Hirschsohn {ibid. 1895, ii. 094). 

Elemi. Oho -resina elemi {E('sme eUmi, 

Fr. ; Ehmiharz, Ger.). The Greek and 
Roman writers describe a ‘ gum of Ethiopian 
olive ’ Avhich has been generally identified with 
elemi. According to Fliickigcr and Hanbury - 
(Fliick. a. Hanb. 147), however, tiffs ancient 
elemi is the oleo-resin known as M>an meyeti. 
Pliny terms the drug enheemon or enheemi, freSn 
which the name animi and perhaps also elemi is 
derived. The term ‘ animi ’ is also used for a 
kind of copal. ^ 

During the sixteenth century, the older 
African elemi was replaced by a drug of similar 
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appearance, wMch came from Mexico, and Sotith 
America, anti tliia in its turn has given way to 
a product of the Pixilippine Islands, which is 
now the elemi of commerce. 

Ekmi or Aninii of the older Writers ; Oriental 
or African Elemi ; Lnban Meyeti ; Luhan 
Hath 

This drug is derived from Boswellia Frere- 
ana (Birdwood), a tree belonging to the same 
genus wMch yields the gum-resin olibaimm, 
and which inhabits the hills immediately 
west of Cape Gardafui. N ‘ T: the 

close botanical relation tc . ■ , i ■ the 

genetic name, Luban being Arabic for that drug, 
there is no doubt, owing to the entire absence of 
gum and other characters, that Luban Meyeti is 
a distinct product. According to Hanbury and 
Eliioldger (Phiirm. J. [iii.j 8, 805 ; Eliick. a. 
Hanb. 147 ), this was the elemi of commerce until 
its place was taken, in the sixteenth century, 
by a somewhat similar product of Mexico ancl 
South America. 

Luban elemi is described by Hiickiger and 
Hanbury as detached droppy tears and frag- 
ments, occasionally in stalactitic masses several 
ounces in weight. Externally it has a thin- 
opaq^ue white crust, but internally it is trams- 
parent and of an amber colour. It has an agree- 
able odour of lemon and turpentine, and a mild 
terobinthinous taste. The volatile oil, which 
has a_ fragrant elemi odour, from the specimen 
examined, amounted to 3d p.c. It has a specific 
gravity of 0'856 at 17°, and rotates the polarised 
ray slightly to the left. It consists partly of a 
dextrorotatory hydrocarbon CioHm, and partly of 
a laevorotatory oxygenated oil. The resin is 
mostly soluble in alcohol, and has the com- 
position CaoHaoOa. 

Elemi of the Seventeenth and Eighteenth Oentwries ,• 
American or Brazilian Elemi. 

The olco-resin, which replaced the older 
African elemi for the most part during the 
seventeenth and eighteenth centuries, was the 
product of several Brazilian trees, species of the 
/ A ininedby 

■ ‘ -b ■■ ■; : : . . • .152), Avas 

■ ■ ■ ... . , . , terehin- 

lamous resm, winch Dy means of cold spirits of 
wine could be separated into two portions — ^the 
one soluble, and the otber. g - f a ma.s3 

of acicular erystals, .i.i..'!*.'. -'r.d.H: (Ann. 
Chim. Phys. [iii.] 13, 1G6) investigated one of the 
Icica oleo-resins Avliich had lost all its volatile oil, 
and consisted of three neutral compounds, 
which ho separated by the diiference of their 
solubility in alcohol. Prom the alcoholic solu- 
tion, brean first comes out in white pearly 
stellate needles, melting at 157°. Brean has the 
composition 0 83-92 p.c., H 11-82 p.c., and 
0 4-26 p.c. In sulphuric acid it dissolves with 
a red _colour._ Eurther concentration of the 
alcoholic solution yields crystals of icican, Avhich 
contain C 82-01 p.c., H 11-64, and 0 6-36 p.c. 
Prom the mother-liquor a small quantity of an 
aulorphous resin, colophon, Avas obtained. 

The oioo-resin of Frotium hcpiaphyllum 
(Mfireb.),’.’.-:;? by Stenhouse and Groves 

(( .■•.‘.. 'I.. .'Si-'. 'IV, -.t;.-. 2!.', !76). This is knoAvn as <?«,m 
Hyawa, or Ognima resin, or resin of the incense- 
tree. It possesses a fragrant balsamic odour. 


Avhich depends on the prc.senco of a small pro- 
Iiortion of volatile oil. Tlxi,s oil, Avhen obtaiuctl 
by diatflation Avith steam, boils at about 270°. 
By treatment AA'ith sodium and fractional efs- 
tillation, it gives a hydrocarbon conimenc, 
O15H24, Avhich bofs at 264°. If the residue, after 
removal of the volatfe of, be dissolved in hot 
alcohol, it deposits on cooling a crystalline com- 
pound, icacin, 048H7eO, and the mother-liquor 
contains a yellow amorphous resin. Icacin 
melts at 175° (c/. Hesse Annalen, 192, 181). A 
comparison of the analytical numbers, melting- 
points, and other characters, points to the pro- 
babfity that Avlnle the icican of Scribe is only 
an impure form of that observer’s brean, this, 
in its turn, is the icacin of Stenhouse and 
Groves in an imperfect condition of purity. 
The amorjjhous resin of the latter observers is 
also probably the colophon of Scribe. At aU 
events, the evidence of the existence of brean 
and icican needs revision. 

Elemi of Commerce of the Present Bay ; Manilla 
Elemi ; Arbol a Brea Resin. 

The tree which yields the elemi of the present 
day is a native o'' - islands, and is 

caUed by the "•.■■■' ■ ' a brea. Its 

botanical relations were not ImoAvn untf quite 
recently, but it is now certain that the oleo-resin 
is collected from Canarium luzonicum (Miq.), 
(Clover, Philippine J. Sci., 1907, 2, 2). Manfla 
elemi is a soft oleo-resin which, in appearance, 
resembles old honey. It occurs in commerce 
generally admixed with earthy or carbonaceous 
matter, Avhich gives it a dark colour. ’When 
fresh and pure, it is colourless and has a fragrant 
odour. Cold spirits of wine applied to the drug 
discloses numerous acicular crystals visible under 
a microscope (Pliick. a. Hanb.). 

Elemi is a mixture of volatile oil and resin. 
The volatile of contains d-phellandreno, 
dipentene, and a crystaUine compound which 
may be identical with amyrin (Wallach, Annalen, 
262, 102). PheUandrer- ,-.'--1 -yr---' — ■ are also 
obtained by the dry . jho resin 

(Waf ach, ibid. 271, 310). 

The resin of elemi was first examined 
by Maujean (J. Pharm. 9, 46), who showed 
that it contains two rosins, one soluble in 
cold and the other in hot alcohol. Cf. Rose 
(Annalen, _ 13, 192; 32, 297; 40, 307) and 
Hesse {ibid. 29, 136). Bonastre (J. Pharm. 
10, 199) foiind the former to exist to the 
extent of 61 p.c,, and the latter, which crystal- 
fsed easfiy, 25 p.c. Baup (Ann. Chim, Phys. 
[iii.] 31, 108) called the latter amyrin. It 
is insoluble in Avater, readfy soluble in ether 
and hot alcohol, and crystaUises in satiny fibres, 
wMch melt at 174° (Baup) or 177° (Pliick. a. 
Hanb.). Gf. Buri (Neues Rep. Pharm. 25, 193) 
and Hesse (Annalen, 192, 180). Amyrin, 

ClsoHEnOj lias been converted by Vesterberg into 
tAvo crystalf ne isomeric acetates, C3„H4„(C2H302) 
and benzoates, 033114,) (O7H5O2), from which two 
corresponding amyrins have been prepared. 
a-Amyrin melts at lSl°-181-6°, {a)-amyrin 
acetate at 220° and benzoate at 192° ; AvhUo 
^-amyrin melts at 193°-194°, {0)-amyrin 
acetate at 236°, and benzoate at 230° (Ber. 20, 
1243 ; 23, 3186). Ciamician (Ber. 11, 1347), by 
distfling amyrin Avith zinc-dust, obtained tolu- 
ene, methylethylbenzene, and ethylnaphthaleno? 
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"J.’ho alcoliolit! mother-liquor contains the amor- 
'phous resin, or resin soluble in cold alcohol, 
which is ' ■' ■ . ! "clemi. Besides 

aiuyrin, ' . ■ . ' ■ Jier compounds 

occurring in elcmi — hre'idin, bre'in, and bryo'idin. 
Brein is certainly, in view of Eliickiger- and 
Hanbury’s investigation, impure amyrin (c/. 
Vesterberg, Ber. 3U, 2407), and the existence of 
breidin requires further proof. 

"a elemi have been 
■ Cremer (Arch. Pharm. 
■■ ; . f the drug contain: 

munamyrin, consisting of a and j8 amyrin, 20-25 ; 
essential oil, 20-25 ; bryo'idin,(i'S-l ; a-manelemic 
add, 5-6 ; ^•manele7nic acid, 8-10 ; mancleresene, 
30-35 ; inorganic constituents and bitter sub- 
stance, 1-2 ; impurities, 5-6 jiarts. Bryoidin, 
m.p. 135-5°, was prej)ared by digesting 
the elemi with dilute alcohol at a gentle heat and 
evaporating the extract to crystallisation. It 
is neutral, has a bitter taste, and, whilst insoluble 
in cold water, dissolves readily in hot water 
and in alcohol and ether (Pharm. J. [iii.] 5, 142). 
a-Manelemio acid m.p. 215°, pre- 

viously isolated by Buri (Pharm. J. [iii.] 8, 601), 
crystallises from the alcoholic solution of the 
acids, extracted from the resin by aqueous 

notherliquor con- 
■ ' acid 

remains 

after the. removal of the other constituents of 
the oleo-resin : it is amorphous and molts at 
63°-65°. 

Elemi is seldom used in medicine in this 
country. It is, however, sometimes employed 
in the form of ointment as a dres.sing for indo- 
lent ulcers. At present its chief use is in the 
preparation of printing inks, and occasionally 
as an ingredient in varnishes. 

Oleo-resins allied to Elemi. 

Anime. Much confusion exists as to the use 
of the word anime, and the same may be re- 
marked of tacamahac. By some witers anime 
is used as synonymous with elemi, and by others 
it is restricted chiefly to a variety of copal. 
There are, however, a number of other oleo- 
resinous products which are usually known 
as anime. The chief members of this class 
are : — 1. Gomart oleoresin, ' ■ ' . 

the exudation of Dacorydes 
an inhabitant of the West Indies (Imp. Inst. 
Rep. No. 63, 192). This has an odour between 
that of elemi and turpentine. Owing to its 
general resemblance to true elemi, gommier resin 
is commonly known as ‘ dry ’ or West Indian 
elemi. Eor analysis and commercial valuation, 
see Imp. Inst. Report. The oleo-resin has been 
examined by More (Ohem. Soe. Trans. 75, 718). 
The essential oil was found to contain 64 p.o. of 
Z-pinene and 17 p.c. of sylvestrene, and from the 
resin a crystalline \ 166°-167°, 

was obtained, havin^ ' ■ . CgjI! 44O. 

2. Brazilian anime, the product of Eymencea 
Gourbaril (Linn.), a tree belonging to the natural 
order Leguminosce, The oleo-resin resembles 
mastic. It softens in the mouth, and when 
warmed emits a peculiar odour. The volatile 
oil is colourless, with a strong, not unpleasant 
odour and burning taste. It is completely 
soluble in alcohol (Paoli, Brugn. Giorn. 16, 326). 
After removal of the oil, cold alcohol extracts an 


a^norplious resin, and the residue, dissolved in 
boiling alcohol, deposits on cooling a semi- 
crystallme compound, wlflch was analysed by 
Laurent (Ann. Ohim. Phys. [ii.] 66, 314). See also 
Batka (Pharm. J. [iii.] 6, 742) ; Guibourt (Rev, 
scient. 16, 177) ; Filhol (J. Pharm. Chim. [iii.] 

l, 301, 507) ; Hancock (Ed. N. J. Sc. 1, 240) ; 
Manzini (J. Pharm. 27, 752) ; HeviUe (Anna- 
len, 71, 354). 

Caraiia. A soft oleo-resin allied to Brazi- 
lian elemi, probably derived from Protium Oa- 
rtina (March.) and allied species. It has a 
fragrant balsamic odour and somewhat bitter 
taste. It contains 96 p.c. of resin, soluble in 
alcohol (Pelletier, Bull. Pharm. 4, 241). Carana 
elemi from Protimn Carana (March.), has been 
examined by Tschirch and Saal (Arch. Phanh. 
241, 149), who found that in 100 parts of the 
drug there were contained isocareleininic acid, 
2 ; carele^nmic acid, 8 ; carelemic acid, 10 ; 
essential oil, 10 ; amyrins, 20-25 ; resene, BO- 
SS ; impurities, 12-15 parts. Eor analytical 
constants v. Hieterich (Pharm. Centh. 40, 463). 

Ceradia. The product of Oerudia {Othonna) 
furcata (Lindk). It is an amber-coloured oleo- 
resin with the odour of elemi (R. Thomson, Phil. 
Mag. 28, 422). 

Mauritius elemi. An oleo-resin very closely 
’ mi. It is the yield of the 
' (Blume ; Eliick. a. Hanb. 

152). It has been examined by Tschirch and 
Saal (Arch. Pharm. 242, 348). 100 parts of 

the drug wore found to contain a-iBocolelemic 
acid, 10 ; coieleminie acid, 2 ; jS-isocolelemic acid, 
8 ; colamyrm, 26-30 ; colcresene, 30-35 ; essen- 
tial oil, 3; T" ■ ■ b 'id bryoidin, plant 

remains and ' ^ . 10 parts. 

Mexican elemi. Vera Cruz elemi. Mexican 
elemi is not now an article of commerce, It is 
nearly related to Brazilian elemi. It is the re- 

puted" ^ (DO.); (Eliick. 

a. Hai: . ■ been examined by 

Tschirch and Cremer (Arch. Pharm. 240, 293), 
who find that it contains a very large propor- 
tion of substances which resist the action of 
alkalis (rescue and amyrin) and this would make 
it peculiarly suitable for the basis of a lacquer. 

Tacamahac. The following are the more 
imjiortant oleo-resins wliich have been described 
as tacamahac : — 1. East Indian tacamahac, the 
product of Calophyllum Inophylhion (Linn.), 
which inhabits Bourbon and Madagascar. It is 
a dark-green balsamic resin — sp.gr. 1-032 ; 

m. p. 76°, 2. Yellow tacamahac, the exudation of 
Amyris tacamahac (Batka). It was labelled 
Tacamahague vierge by Des Marchais, African 
incejise by Pereira, and Bdellium d'Afrique by 
Guibourt. It melts at 100°, exhaling an agree- 
able odour, and the resin remaining is partly 
soluble in alcohol. The part insoluble in alcohol 
consists of yeUow crystals — iacamahacm. This 
substance is insoluble in ether, sparingly soluble 
in alcohol, and is unaffected by alkalis or nitric 
acid. Sulphuric acid dissolves it with a violet 
colour (Batka, Pharm. J. [iii.] 6, 742). Yellow 
tacamahac is often termed anime. 3, Oleo- 
resin of Protium heptaphyllum (Aub.). Tlusjhas 
been already described under the name of 
conima resin (see Elemi of the seventeenth and 
eighteenth centuries). A number of samples of 
Tacamahaca resin have been examined by 
Tschirch and Saal (Arch. Pha?mfl»242, 366, 395) 
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and analytical constants are given by Dietorich 
(Pliarm. Gentli., 40, 453). 

Besides these, which .Batha regards as true 
tacamahaos, the product of Fruiium Obiusifoliuvi 
(March), the Mauritius tacamahac, and com- 
mon fjati'pot of Pinus Pinaster (Soland), the 
latter under the name of the hitter tacamaJmc of 
trees, have been described as varieties of that 
drug. 

Gurjun oleo-resin. Qurjun halsam ; Wood 
oil ; Oleci-resma diptcrocarpi. Tliis oieo-re.sin 
resembles and is used as an adulterant and sub- 
stitute for copaiba. It is obtained from Burma 
and the Straits, being the product of various 
species of Dipterocarpus (Pliick. a. Hanb. 88). 
Gurjun oil must not be confounded "with the 
fatty oil which is also known as wood oh, or 
wood' oil of GMna, which is expressed from the 
seeds of the Aleurites cordata (8teud.), the well- 
known Tung tree of the Chinese. 

Gurjun, or wood oil, resembles copaiba in 
appearance, with the exception of its fluores- 
(ience, a character rarely found in copaiba. When 
heated in a closed tube to 220° it becomes almost 
solid, whereas copaiba similarly heated does not 
lose its fluidity. Eor other distinguishing cha- 
racters V . Copaiba. 

Wood oil was examined by Lowe (Pharm. J. 
13, 65); Hanbury {ibid. 15, 321); Martius 
(Neues Rep. Pharm. 5, 100) ; Guibourt {ibid. 
6, 97), and Hinschsohn (Pharm. J. [iii.] 10, 561), 
Werner (Zeitsch. Chom. 1802, 688) found it to 
consist of 20 p.c. of volatile oil OaoHja, a poly- 
meride of turpentine, and a residual resin which 
contained gurjunic acid 04iH8gO,!, a crystalline 
compound soluble in ac[uoous ammonia. Other 
observers have found diSerent percentages of 
oil and resin, 'w'hich are indeed variable. The 
volatile oil boils at 255°-260° (Pliick. a. Hanb.), 
255° (Werner), and its sp.gr. is 0'915 (Pluck, a. 
Hanb.) ; 0-904 (Werner); 0-928 (He Vry, Pharm. 
J. [iii,] 16, 374). Amyl alcohol dissolves the vola- 
tile oil, but it is only sparingly soluble in ethyl 
alcohol, and glacial acetic acid. The hydro- 
carbon is coloured a magnilicent blue by hydro- 
chloric acid, but does not form a crystalline 
hydrochloride. 

When the resin of wood oil is extracted by 
alcohol and aqueous solution of ammonia added, 
and the amorphous resin which separates col- 
lected, the solution contains ammonium gurjwiate 
from wlxich gurjunic acid is obtained as a pre- 
cipitate on the addition of a mineral acid, and 
it may then be recrystaUised from ether or alco- 
hol. Werner found it to melt at 220°, and to 
boil with decomposition at 260°. Gurjunic acid 
is soluble in alcohol, benzene, and carbon di- 
sulphide. It may be regarded as tri-hydrated 
abiotic acid thus: — C44H840 b, 3H20. This for- 
mula agrees equally well with Werner’s data. 
It is probably identical with the meta-copaibie 
acid of Strauss {v. Copaiba). A compound, 
C2oll3o02» yielding a diacetate is obtained 
from gurjun oleo-resin and enters commerce 
as ‘copaivic acid.’ It is crystalline, melts 
at 126“-129°, is soluble in alcohol and ether 
but^ insoluble in water and alkalis (Brix, 
Monatsh. 2, 510). The amorphous resin which 
constitutes the chief part of the resin of 
wood oil consists of gurjoresene Cj,Hg802, m.p. 
40°-43° ('Ihcliiroh and Weil, Arch. Pharm. 
241, 372). The desposits, largely crystalline in 


character, which are found in various samples 
of gurjun balsam, consist of resm-alcoiiols or 
resin phenols, but are insoluble in alkalis, in 
these respects resembling amyrin. 

In addition to its use as a substiiiito for 
copaiba, wood oil is employed in India as a 
natural varnish, especially for ships. 

Lahdanum ; Ladanmn. A sticky, black- 
brown, soft oleo-resin, derived from Gistus 
/'Yillk.) and other species of 
= the Grecian Archipelago and 
the shores of the Mediterranean (c/. Bentl. a. 
Trim. 24). It is a variable mixture of resin, 
volatile oh, gum, wax, and earthy and^ woody 
impurities. The odour is fragrant, and it has a 
bitter taste. Guibourt (Hist. Drogues, 3, 601), 
Pelletier (Bull. Pharm. 4, 603), Johnston (Phil. 
Trans. 1840, 344), Thiselton Dyer (Pharm. J. 
[iii.] 15, 301 ; 16, 385, 779), For analytical con- 
stants, see Dieterich (Pharm. C^nth.,^40, 463). 

Lupulin. Lupulinic gland 
line, Pr. ; Hopfendriisen, . 

The detached minute glands of the strobile of 
Humulus Lupuhis (Linn.) contain volatile oil, 
a hitter acid, resin, wax, and possibly an allca- 
loid. ... 

Commercial lupulin has been examined by 
Barth (Chem. Zentr. 1900, [ii.] 681), who found it 
to contain 18-27 p.c. of ash, 63-93 p.c. of material 
soluble in other and 36-07 p.c. of lupulin husks. 
The portion soluble in ether contained 0-18 p.c. 
of wax, 11-55 p.c. of a-resin, 43-31 p.c. of 
^-resin, 0*17 p.c. of ash, and 8-72 p.c. of fat oil, 
y-rcsin, &c. The proportion of sand in com- 
mercial lupulin varies from 10-9 to 20-2 p.c. 

The volatile oil which exists to the extent of 
about 0-9 p.c. (Fliick. a. Hanb. 553), consists 
according to Wagner (J. 1853, 516) and Personno 
(J. Pharm. Chim. [iii.] 26, 241, 321 ; 27, 22 ; 

J. 1854, 654) of a terpene, CioHia, boiling at 
175°, and an oxygenated compound probably 
valerol, OflHioO, which boils at 210° and on 
oxidation yields valeric acid. The latter acitl 
has also been detected in hops. The crude 
oil boils from 140°-300°. Cf. Mehu (Thbse, 
Montpellier, 1867), and Ossipow (J. pr. Chem. 
[ii.] 28, 448). Chapman (Chem. Soc. Trans. 
67, 54, 780) finds that the oil can be separated 
into two fractions : one, boiling at 166°-171°, 
probably a mixture of two hydrocarbons, CjoHjo 
and C.nHis, and the other, a sesquiterpene, 
humulene, Cj(;Hg4, b.p. 160°-170° (GO mm.). 
The latter gives a crystalline nitrosochloride, 
melting at 1G4°-165°. 

The rosins present in lupulin are divided into 
soft and hard resins, according as they are soluble 
or insoluble in light petroleum (Hayduck, Bled. 
Zentr. 1887, 694), The a-resin, a soft resin precipi- 
tated by lead acetate, contains a-lupulinic acid, 
which, when pure, is extremely resistant to 
\ -"'■"nsformed into 
.Chem. Zentr, 

■,1.1 !>;. ; - i ■ '' ■. Genussm. 18, 

J ! ■ . ' soft resin, is 

not precipitated by lead acetate. It appears to 
be an oxidation product of an organic acid, 
^-lupulinic acid, first obtained from hops 
by Bungorer (Bull. Soc. chim. [ii.] 45, 489). To 
prepare lupulinic acid, lupulin is extracted with 
light petroleum and the crude crystals which 
are obtained on concentrating the solution are 
purified by recrystallisation from alcohol and ^ 
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afterwards from light petroleum. The acid 
crystallises in glistening prisms which melt at 
92° and become resinous on exposure to air 
(Barth and Lintner, 13er. 31, 2022). The 
7 -resin is insoluble in light petroleum. Siller 
(l.c.) finds it to be a mixture of at least tw'o 
distinct resins differing in carbon content and 
in solubility in ether. 

Mecca or Opobalsam. Balm of Gilead. This 
> oleo-resin is the balm of the Old Testament and 
the Greek writers, and is the substance to which 
the name ‘ balsam ’ was originally applied. The 
term has, however, with the advance of discovery, 
come to have another meaning, and is now em- 
ployed in a generic sense for those resins, oleo- 
resins, or gum-resins which contain cinnamic 
or benzoic acids (compare Balsams). Mecca 
oleo-resin is the product of Commi'pJiora Opo- 
halsamum (Engl.), a tree growing in Arabia. 
Trommsdorfi (N. J. T. 16, 62) finds it to consist 
of volatile oil, 30 p.c. ; soft resin insoluble in alco- 
hol, 4 p.c. ; hard resin soluble in alcohol, 64 p.c. 
A specimen analysed by Bonastro (J. Pharm. 
18, 96) contained only 10 p.c. of volatile oil, 
and the other constituents were correspond- 
ingly higher. In physiological action, the oleo- 
resin is allied to copaiba and the turpentines. 

Hardwickia pinnata oleo-resin. This oleo- 
resin is an Indian substitute for copaiba. It is 
derived from a tree nearly related to the Copai- 
fera, wliich inhabits the forests of South Tra- 
vancore Ghats and South Canara. A specimen 
examined by Eliicldger and Hanbury (Eliick. 
a. _Hanb. 233) was a thick, black-looking, 
viscid fluid, which, when viewed by transmitted 
light in thin layers, was yellowy-green or vinous 
red, according to the thicloress. It had no 
fluorescence, nor was it gelatinised by heating, 
as is the case wdth wood oil. Broughton 
(Beddows, Elora Sylv. S. India, Madras, 1872, 
255) found 25 to 40 p.c. of volatile oil (CgHj,,, 
boiling at 225°. Erom the resins this observer 
was unable to prepare copaivic acid. 

Minjak-lagam. An oleo-resin resembling 
gurjun was examined by Haussner (Arch. 
Pharm. 21, 241). It is dingy green by reflected 
pd yeUow by transmitted light. It is soluble 
in alcohol, ether, benzene, chloroform, or carbon 
disulphide, and yields 33 p.c. of volatile oil 
C2oIi3a> boiling at 250°. The resin is composed 
of an acid C-Elj^Oa and a neutral constituent. 

Sumbiil oleo-resin {Racine de sumbul, 
Er. ; Bumbulwurzel, Moschuswurzel, Ger.). The 
root of Fenda Sumbul (Hooker), or musk 
root (Bentl. a. Trim. 131), a perennial plant, 
inhabiting the mountains of Magliian, in the 
Khanate of Bokhara. When extracted -with 
ether it yields about 9 p.c. of a resin, having a 
mu.sky odour and I p.c. of a bluish volatile oil. 

Reinsch (Jahrb. pr. Pharm. 6, 300; 7, 79; 
13, 68), by dissolving the resin in allmli and 
precipitating with water, obtained a salt of 
sumbulamic acid, together with some angelate, 
the two being separated by the easier solubilitv 
of the latter in water. Free sumbulamic acid is 
a turpentine-like mass, which assumes the form of 
soft yellow needles on standing. Compare also 
Ileinsch and Riecker (Jarhb. pr. Pharm. 16, 12). 
The existence of an alkaloid sumbuUne in the 
resin has not been confirmed (c/. Murawieff, Dub. 
Quart. J. 1852, 255). fS'ommer (Arch. Pharm. 
138, 1) investigated sumbul root. On dry dis- 


tillation, the oleo-resin gives first a greenish 
mobile oil, smelling like creosote, then a blue oil, 
lighter than water, and with a peculiar, not very 
agreeable, odour. Together with these, the 
same observer found crystals of umbelliferone. 

Turpentine. The oleo-resinous exudates of 
various species of Coniferce. 

Crude or common hirpentine. This is 
derived in Russia and Finland from the Finns 
sylvestris (Linn.), or Scotch pine; in Austria 
and Corsica from P. Laricio (Poiret) ; in South- 
Western France from P. Pinaster (Solander) ; 
and in the United States from P. palustris 
(Mill.), the swamj) pine and the Loblolly pine, 
P. Toida (Linn.) (Eliick. a. Hanb. 604 ; 
Bentl. a. Trim. 256-259). Tschirch and 
Mederstadt (Arch. Pharm. 239, 167), using 
the method of examination of resins already 
described, find the oleo-resin from Finns 
sylvestris contains : silveolic acid, 1-5 ; silvinolie 
acids a and y8, 58-60 ; essential oil, 15 ; silvoresene, 
20-21 ; bitter substance, succinic acid, and im- 
purities, 1-2 p.c. (c/. Schkateloff, Chem. Zentr. 
1908, i. 2097): 

The resin from Finns laricio (Poiret), Austrian 
turpentine, melts at about 100° and has a yellow 
colour which on exposure to light becomes red. 
On boiling with water for a long time and then 
extracting with ether, cafleic and ferulic acids 
were obtained and also vanillin (Bamberger, 
Monatsh. 12, 479). The resin is resolved on 
digestion with ether into an a-modification 
(80 p.c.), which is soluble in ether, and a /3- 
modification (20 p.c.) insoluble in ether. When 
excess of potash is added to an alcoholic solu- 
tion of the a-resin or of the crude resin, a colour- 
less crystalline potassium compound is formed 
wlrioh, when treated with hydrochloric acid, 
gives a powdery jirecipitate of pinorcsinol. 
The caifoic and ferulio acids are in all 
probability present in an uncombined state 
(Bamberger, Monatsh, 15, 505). Pinoi’esinol can 
be o’'' --.p. 122°, and has 

the ■ ■ ■ ' I . The ^ -resin, on 

purification, forms a chocolate brown powder 
and appears to have the composition 

Its properties are those of a tannol whence it is 
named pinoresinolannol (Bamberger and Land- 
siedl, Monatsh. 18, 481). Tschirch and Schmidt 
(Arch. Pharm. 241, 570) found 100 parts of 
the oleo-resin to contain : laricopinic acid, 25 ; 
laricopinonic acid, 34 ; essential oi], 35 ; resen, 

2 ; water, bitter substance and impurities, 3-4 
parts. 

Tschirch and Briining (Arch. Pharm. 238, 
630) find in Bordeaux turpentine, the oleo-resin 
of P. Pinaster (Solander), 0-7 p.c. of pimaric acid 
CoflHgoOa, crystals, m.p. 144~°146° ; 48-50 p.c. 
of a- and jB-pimarolic acids ; 28-30 p.c. of 
essential oil ; 5-6 p.c. of rescue ; and 1-2 p.c. of 
succinic acid, alkaloid, colouring matter, water, 
and impurities. For concreted French turpen- 
tine, common ' frankincense or galipot, see 
Resins. 


Finns palustris (Mill.) is the ‘ long leaf pine ’ 
of the United States and is the chief souTco 
of the turpentine and resin prepared there. 
In 100 parts of the oleo-resin, there are con- 
tained palabienic acid ip.p. 110°, 

5 ; palabietic acid, 02oH3(,02„ mm. 153°-154°, 
6-7 ; palabietinolia acids, CmlljiiOa, 53-67 ; 
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cyHoiitial oil, 20-22 ; fcilarescne, 10 ; bitter snb- 
H(ranf;o, itnptiritica, and water, 2-3 parts (Tsoliircli 
iunl Koritsehoner, Arch. Pharni. 240, 508). 

Oa?icuia turpentine, Canada halmm. Balsam 
fi')'- A product of the balsam or balm of 
(liluacl fir, tlie Abies hulsamea (Mill.). This 
is incorrectly called balsam, and it must not 
be confounded with true balm of Gilead or Mecca 
balsam (c/. Fluclc. a. Hanb. 612 ; Bentl. and 
Trim. 263). A similar turpentine is obtained 
from the hemlock spruce, Tsuga canadensis 
(Carr.). This has been investigated by 
'Tsohirch and Briining (Arch. Pliarm. 238, 487). 
100 parts of the turpentine contain canadic acid 
CiaHfj^Oa, m.p. 135°-i30“, 13; canadolic acid 
C|uTlajjOa, cry.stalline, m.p. 143°- 145°, 0-3; 
a- ancl B-canadinolic acids, CigHayOa, m.p. 89°- 
05°, 48-60 ; essential oil, 23-24 ; cancaloreaene, 
11-12 ; snccinic acid and impurities, 1-2 parts. 
The oleorosiii also contains an alkaloid soluble 
in water. On dry distillation, formic, acetic, 
and Huecinic acids are formed. 

Venice turpenime. Larch Uirpentine. The 
exudate of the larch Larix decidua (Mill.), 
mostly obtained from the Tyrol. Tscliirch and 
Weigel (Arch. Pharm. 238, 387) have .isolated 
laricinolic acid, CooHgdOa, ipi.p. I47°-148° 
crystals, 4-5 p.c. ; a- and ;3- larinolie acids 
which may he identical, 55-60 p.c. ; 
eH.sontial oil, 20-22 j^.c. ; resene, 14-16 p.c. ; 
alkaloid, colouring matter and impurities 
2-4 p.c. ; succinic acid, 0-1 p.c. (cf. Bam- 
bergor, Alonatsh, 18, 481 ; Bamberger and 
Landaiedl, ibid. 20, 755). 

iSlrassb'icrg turpantine is the yield of the 
Silver fir {Sapin, Pr., Weisstanne or Mdel~ 
taana, Ger.), Abies padinata (DO.). The 
mai'ket is supplied chiolly from the Vosges 
(Fliick. a. Hanb. 615 ; Bentl. a. Trim. 262). 
in 1 00 parts the turpentine contains ahienic acid 
Cj.)l-r.o(,Oo, m.p. 114°-116°, 8-10; abietric acid 
crystalliuo, OaqllssOa, m.p. 146°-153°, 1-5-2 ; 
a- and /3* ahietinolic adds, 40-50 ; essential oil, 
28-31 ; dbietoresem, 12-16 ; alkaloid, colouring 
matter, ■water, and impurities, 1-2 ; succinic 
acid, 0-05-0'08 parts (Tscliirch and Weigel, 
Arch. I^harm. 238, 411). 

Hungarian turpentine is obtained from the 
IHnua Pumilio (Haenke). 

Chian turpentine is the turpentine of the 
older writers, and is derived from a small tree, 
IHstacia Terebintlms (Linn.), which inhabits the 
shores of the Mediterranean and Asia Minor. 

Jura turpentine is the product of Picea 
excelsa (Link). The rosin melts at about 100° 
and when boiled with water gives an aqueous ] 
extract which contains p-coumaric acid and 
vanillin (Bamberger, Monatsh. 1 2, 441 ). Tschirch 
ancl Pruning (Arch. Pharm. 238, 616) isolated 
pir.eapimarinic acid OaoHpoOa, crystals, m.p, 
144°-145°, 2-3 p.c, ; pieeapimaric ceefeZ CiaHjnOa, 
P5-2 p.e, ; a- and pi'-rnrAntarcli'- acids 
(Jar,H 4402 , 48-50 pi.c. ; e ta I ol!, 32-33 p.c. ; 
juroresene, 10-12 p.c. ; succinic acid, alkaloid, 
(lolcjuring matter, water, and impurities, 1-2 p.c, 
(CjT. T’schirch ancl Koch, Arch. Pharm. 240, 272). 

(Pit.’he resin from Finns Jialepensis (Mill.) is 

used in Greer, - f ; and flavouring 

wincj. It has = ■.- ' : . by Tschirch and 

Schulz (Arch. Pharm. 245, 156). 

The restn oil from Pimis longifolia (Roxb.), 
a tree indigend^is to the lower Himalayas, forms 


a white rather tough opaque mass and has_ a 
granular structure which is due to the partial 
crystalli.sation of the resin acid. Its odour is 
extremely pleasant and somewhat resembles 
that of limonene. Distilled with steam it yields 
18-5 p.e. of essential oil (Rahak, Chem. Zentr. 
1905, [ii.] 896). 

The resins of the Norway pine, Finns 
resinosa (Solander) and the Douglas fir, Fseudo- 
isuga Fouglasii (CArr.), have been investigated Jjy 
Frankforter (J. Amer. Chem. Soc. 28, 1467 ; 31, 
601). Russian ‘ white pitch,’ which is probaWy 
the product of Abies sibirica {Jjedeh.), or oi Ficea 
obovata (Ledeb.) has been examined by Tschirch 
and Koritschoner (Arch. Pharm. 240, 584). 
Brooks (Philippine J. Sci. 1910 [A] 5, 229, has 
examined the oleo -resin of Finns _ insularis 
(Eiidl.) and the resinous saps from various pines 
have been investigated by SchkatelofI (Chem. 
Zentr. 1908, i. 2097). 

Tar V. TuE.piiNTiNE. A. S. 

OLIBANOL is an alcohol contained 

in frankinscence oil. It forms a yellow oil with 
an odour of frankinscence, b.p. 217°/20 mm., 
333-3347757 mm. ; sp.gr. 0-9596 at 20° ; 

— 71*50. 'When warmed with an ec[ual weight of 
zinc chloride it yields a green oil, b-i). 316°-318°/ 
749 mm. ; sp.gr. 0-9400 at 20°. 

It is not attacked by alkaline potassium 
permanganate, but is completely decomposed by 
chromic acid (Haensel, Chem. Zentr. 1908, i. 
1837 ; ibid. ii. 1436). 

OLIVE, the fruit of Olea europtea (Liim.). 

Many varieties are known. The fruit is 
largely used as a source of olive oil {v. Olive Oil). 
It usually consists of about 80 p.c. of licsh and 
rind, 17'5 p.c. of stone, and 2-5 p.c. of seed. 
All parts of the fruit contain oil, but tip brat 
is obtained from the flesh. According to Konig, 
the following gives the average composition of 
the various parts of the fruit : — 


Flesh 

Water 
. 30*1 

Protein 

5*2 

Carbohydrates 
Pat and lihre 
51-9 10*5 

Ash 

2*3 

Stone 

. 9*2 

3*6 

2-8 83-3 

1*1 

Seed 

. 10*6 

18*6 

31-9 30-7 

2-2 


whilst the ash has the follovdng percentage com- 
position : — 

KaO Na^O CaO MgO Pe.^Oa P2O5 SO3 SiOg Cl 

Elesh, 80-9 7-6 7-6 0-2 07 1-3 M 07 0-2 

Stone 68-8 6-6 7-5 0-4 0-8 16-7 3‘3 1’3 4-7 

Seeds 30-3 2-0 30-4 1-2 0-1 28-2 2-4 6-4 0-1 

The fruit has an insipid, bitter taste, and is 
usually pickled before being eaten, salt and 
spices being used for the purpose._ The following 
are American analyses of the edible portions ol 
pickled olives : — 

Carbohydrates 

Water Protein Pat and fibre Ash 
Green olives . 58-0 1-1 27-6 11-6 1*7 
Ripe olives . 64*7 1*7 25-9 4-3 3*4 

Ground olive stones or ‘ poivrette ’ have been 
used to adulterate pepper {v. Wynter Blyth, 
Foods; also Martelii, Staz. Sper. Agrar. 1895, 
28, 53). For results of the examination of olive 
leaves and bark v. Oanzonori (Gazz. chim. ital. 
1906, 36, [ii.] 372) and Power and Tutin 

(Chem. Soc. Trans. 1908, 93, 891, 904). Accord- 
ing to Bourquelot and Vintilesco (Compt. rend. 
1 1908, 147, 533), olives contain a glucoside— 
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olcocuroiKin — a yellow powder with hitter taste, 
hydrolysable by cmulsin, Avhieh is prc^sciit in 
the I'ruit, leaves, aird bark, yielding dextrose 
{v. also Power and Tutin, Pharm. J. 1908, [iv.] 
27, 714 ; and Vauzetti, Atti. R. Acccad. Lincei, 
1909, 18, ii. 188). H. I. 

OLIVE OIL. Olive oil is obtained from the 
fruits of the olive tree, Olea eurojxm [saliva), L. 
The olive tree is probably indigenous to Western 
Asia, but was at an early date introduced into 
all the countries bordering on the Mediterranean. 
Recently the cultivation of the olive tree has 
been introduced into California, South Africa, 
and Australia. The olive tree thrives best in a 
sub-tropical climate, and its successful cultiva- 
tion extends in Europe as far north as latitude 
44J|-°. In America, it scarcely extends to 
latitude 34°. Attempts have also been made 
in several parts of India to cultivate the ohve 
tree, but although it grows well and flowers, the 
fruit seldom matures. 

The olives intended for oil production are 
gathered just before the period of maturity, as 
the oil obtained from the barely ripe fruit is 
much pperior in quality to that obtained from 
fuUy ripe or over-ripe fruits. 

The proportion of oil in the fruit goes on 
increasing to the maximum found in fruit 
which has reached complete maturity ; it then 
decreases slowly. The ripe olives contain up 
to 70 _p.o. of oil. This figure is, hoAvever, an 
exceptional one, the flleshy part of the best 
cultivated olives containing only from 40 to 
60 p.o. of oil. The Algerian olives vary in their 
proportion of oil within "ivide limits, from 
l0‘03 p.c. to 32-98 p.c. (in the Jemmap olives). 
The Californian olives also yield much smaller 
quantities of oil than the best cultivated 
European varieties. 

The technical processes employed for the 
production of olive oil are still represented by 
both the oldest and crudest processes (see pre- 
paration of Oils, Fixed, and Eats) and by the 
most modern methods adajited to large-scale 
worldng. 

The very finest oils are obtained from hand- 
picked fruits by first crusliing them in a mill 
the kernels. Exceptionally 
prepared by peeling hand- 
: . . ; . . pressing lightly, after carefully 

■ ■ . ■ rnels. The crushed marc is 

■ a hydraulic press ; the oil so 
obtained ranks as the best edible oil — ‘ Jiuile 
vierge,^ ‘ huile sui-jinc.’’ Commercial brands of 
tliis quality are ‘ Provence Oil,’ ‘ Aix Oil,’ 
‘ Nice Oil,’ ‘ Var Oil.’ The oils sold as ‘ Finest 
Tuscan Cream,’ ‘ Riviera Oils ’ (Genoa), ‘ Bari 
Oils ’ may also be ranked amongst the best 
edible oils, although they are distinctly lower in 
value than the oils of the South of France, and 
come nearer the following somewhat inferior 
quality. This is obtained by pouring some cold 
water on the marc, after the pressure in the 
hydraulic press has been released, and pressing 
again. Such inferior oil is also sold as an edible 
oil, either alone or mixed with the oil of the first 
expression as ‘ 8alad Oil,' ‘ huile fine,' ‘ huile de 
table ordinaire' 

The jiulp left in the press yields, after mixing 
with hot water and pressing once or twice, a 
bright oil used for lubricating purposes, as 
burning oil, and for soapmaking. 


OIL. 

In most of the smaller works, the kernels are 
not removed and are crushed together with the 
fruit. In largo establishments, however, the ker- 
nels arc removed ■ I ■ I Iding 

olivo kernel oil. ■ ■ ..and 

Fats). The repeatedly pressed pulp (‘ grignons ’) 
still contains a considerable amount of oil, 
varying from 10 to 22 p.c. This pulp is beaten 
with hot water in special mills — moulins de 
! runners. The oil cells 
up; 

together with the water, is thei . , . ■ . ' 

into a series of vessels, arranged in tiers, where 
the water separates from the oil and broken 
cellular tissues. The oil and the tissue rise to 
the surface, to bo slummed off, whilst the 
heavier crushed kernels fall to the bottom. 
The latter are known as ‘ grigiion marc hlanc.' 
The cmidsion of oil and cellular tissue, which 
has been skimmed off, known as ‘ grignon 
marc noir,' is heated and subjected to a fresh 
expression in a hydrauHc press. The oil so 
obtained is termed ‘ huile de resscnco,’ and the 
pressed residue is known as ‘ tourteau de 
ressence.’ The huile de r essence is allowed to 
rest in large tanlrs at a somewhat elevated 
temperature, when a clear oil separates on the 
top — ‘ Imile claire de ressence ' — and a lower 
layer of thicker oil ‘ Olive Oil Grease ’ {‘pdie de 
ressence) settles out. 

In some establishments the marc, instead of 
being boiled with water, is thrown into pits 

where the pulp ::’- ’■■■- ' of fermentation, 

whereby the oil . ■ , gradually rises to 
the top. Oil of this land is known as ‘ huile 
d'enfer.' The name ‘ huilo d’onfor ’ is applied 
also to oil which has settled out from the waters 
obtained from the press after moistening and 
boiling the pulp, which has been stored in 
underground cisterns (‘ enters ’). To this class 
of oil belong the bagassa (bagasse) oils, which 
are obtained principally in Portugal from 
fermented marc. These oils contain as much 
as 00-70 p.c. of free fatty acids. 

‘ Tournant oil ’ is a commercial product of 
the quality of the ‘ huHes d’enfer,’ obtained from 
the fermented marc of expressed olives ; it 
contains a considerable quantity (up to 26 p.c.) 
of free fatty acids, and therefore forms a very 
complete emulsion (which constitutes its value) 
with a solution of sodium carbonate. Such 
Turkey -red oil was first emiiloyed for this 
purpose by H'aussmann, 1792, and then re- 
commended by Koochlin FrMes. 

The cake remaining after the removal of the 
Jmile de ressence, termed ‘ tourteau de ressence,’ 
or “sanza,” is finally deprived of its last content 
of oil 1 .. < ■ ■' ■■■'■'■h solvents, sometimes 

after a-': . The .solvent usually 

employed in Franco and Italy is carbon di- 
sulphide. Hence, these oils are termed ‘ sulpho- 
carbon oils,’ ‘ sulphur olive oils.’ They have a 
deep green colour, due to the chlorophyll which 
has been extracted by the solvent, and contain 
the more solid portion of olive oil which has 
remained behind in the pulp. These oils contain 
large proportions of free fatty acids as '’also 
notable amounts of lactones. 

For the physical and chemical characteri.stics 
see tables Oils, Fixed and Fats. „ 

Some Tunisian olivo oils are so rich in 
glycerides of solid fatty acids that they deposit 
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‘ steariiif ’ ■ ■■ ' ■ ■ ■ ■. 'IT, ---e they are unsuit- 
able for ■ ■ ■ . ■ ■ such I’unisian oils 

must bo ‘ clcmargarinated ’ (sec Oils, Eixed, 
AND Eats). 

The extracted cake is sold as manure. The 
press residues which have yielded superior kinds 
of olive oil, would be suitable for feeding cattle ; 
but as the oil, which can be easily recovered by 
extraction — about 10 p.c. of the residues — is 
too valuable, olive cakes are only used locally 
and to an inconsiderable extent as cattle 
food. 

Olive oil typifies eminently a non-drying oil. 
On account of its comparatively high price, it 
is adulterated to an enormous extent. How 
far the blending of various olive oils of different 
qualities should be considered as an adulteration 
must be decided in each given case. Un- 
doubtedly the ‘ finest Nice oil,’ which has been 
prepared by blending a genuine Nice oil with 

Tunisian oils or other ohve oils, must be con- 
sidered as A A present, olive 

oil is most ■ with araclxis 

oil, as the i. . ■ ' ■ offers greater 

difficulties to the analyst than those oils which 
were previously used to a much greater extent, 
viz. cotton seed oil, sesame oil (rape oil). The 

adulteration wi'-'- ■ "d .t--- practically 

ceased for the ■ ■ : . ' . they are too 

easily detected. J. L. 

OLIVINE. An abundant rock-forming 
mineral consisting of magne,sium orthosilicate 
with variable amounts of ferrous orthosilicate, 
(Mg,Ee) 2 Si 04 . Crystals are orthorhombic, but 
of rare occurrence ; granular masses are more 
common. T1 ■ ' . ’ lyelloAvish- 

green to bi u ■ , ■ ' ■ amount of 

iron present. 'The mineral is decomposed by hot 
hydroclilorie acid with separation of gelatinous 
silica. It occurs in many basic and ultra-basic 
rooks of igneous origin (basalt, gabbro, iierido- 
tite, &o. ), and it is an important constituent of 
stony meteorites. Deposits of diamond, i>lati- 
num, chromite, and nickel-ores are usually 
associated with olivine-rocks ; and by the 
weathering of these rocks, serpentine and 
associated deposits of steatite, magnesite, and 
meerschaum are formed. The only direct 
practical application of olivine is as a gem- 
stone ; the clear, ',■■ ■■ ■ ‘ . 'e yellow- 
ish-green (chrysoli ■ * . ■■ ■ ■■ (peridot) 

in tiolour. Such material comes maiiily from 
tho island of St. John in the Hed Sea, and it is 
also coUected from ant-hills in Arizona and New 
Mexico. L. J. S. 

OMEIRE. A drink resembling koumiss, pre- 
pared by the natives in South-West Africa by 
filling gourd bottles, which contain some fer- 
mented milk, with milk, shaking well and allow- 
ing to stand. It is a thick, . ' ' ' ' '' 

liquid, pos,sessing a pleasant, . . ■ ■ ' , 

and a slightly sour taste ; it contains a little 
alcohol (Arch. Pharm. 1887, 744). 

OMEROL V. Synthetic Dbxigs. 

ONION SKINS. The outer dry sldns of the 
bulb of the onion, Allium Oepa (Linn.), were 
forifterly emiiloyed for dyeing purposes. Ac- 
cording to Leuchs (Farben und Earbekunde, 
1820, i. 434), the outer sldns of onion bulbs, 
which are ^of a ’ ■ colour, have 

long been *se(|^ ir; ■■■■.■' lyeing Raster 
eggs yellow ancl in conjunction with alum for 
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dyeing woollen, linen and cotton materials. 
The colour is fast and particularly bril- 
liant. 

The clyestulf jiresont is in reality qiiercclin, 
and this oan he isolated from the sldns to tho 
extent of IE p.c. by mere extraction with 
boiling water (Perkin and Humiud, Ohem. Soc. 
Trans. 1896, G9, 1295). A. G. P. 

ONOPRITE V. Mekcuby ; also Selenium. 

ONONIS ROOT. Contains a glucosido 
ononin CajHagOii, forming colourless needles, 
imp. 210“, decomposed by dilute acids into 
dextrose and onomiin {v. Hommelmayr, Monatsh. 
1902, 133 ; 1903, 132). 

ONYX. A variety of ehalcedonic silica 
differing from agate only in the straightness and 
■■ I f its dift'erently-coJoured layers, 

... ; ■, for engraving as cameos. The 

alternate bands of colour are usually white and 
black, or white and red ; in sardonyx they are 
white and hro-vvn. Most of the onyx with 
intense differences in colour, as now placed on 
the market, has been coloured artificially by 
chemical means {v. Agate). L. J. S. 

ONYX-MARBLE, Algerian onyx, Mexican 
onyx, or ‘ Oriental alabaster ’ (also called 
‘ onyx ’ in ancient times and in the marble 
trade of the present day). A handed, trans- 
lucent variety of fibrous or granular calcite, or 
marlile, susceptible of a fine polish, and much 
used, both in ancient and modern times, as an 
ornamental stone. The colouration, which is 
distributed in bands or cloudy patches, is due 
to the presence of ferrous carbonate and ferric 
hydroxides, and to a less degree of manganese 
oxides and organic matter. For examiile, a 
green marble from Arizona contained 4-27 ii.c. 
EcCOg, and in its brownish-red (oxitlised) 
portions 1‘22 pj.c. EeCOg with 3'53 p.c. EegOg. 
The percentage of calcium carbonate rarely falls 
below 90. Onyx-marble is quarried in Algeria, 
Mexico, and Arizona. {Sea G. P. Merrill, Tho 
Onyx Marbles ; their Origin, Composition, and 
Uses, both Ancient and Modern, Rep. U.S. Nat. 
Mus. for 1893, 1890, 539 ; G. P. Merrill, Stones 
for Building and Decoration, 3rd edit., New 
York, 1903. L. J. S. 

OOPHORIN V, Synthetic Deugs. 

OPAL. Colloidal silica, occurring native in 
botryoidal and stalactitic forms, or as irregular 
masses occupying cracks and cavities in certain 
rocks. It is softer and less dense than quartz ; 
its hardness being only 5-^ to 61, while its 
sp.gr. varies with the impurities present from 
1*9 to 2-3. Being non-crystaUine it should 
exhibit single refraction, but many varieties, 
especially of noble opal, are strongly birefringent; 
the anomaly being probably due to the strain 
set up by unequal contraction in different 
directions during the solidification of the 
gelatinous mass. Opaline silica is nearly always 
hydrated, hut tho proportion of water varies 
from about 2-5 to upwards of 10 p.c. Von 
Kobell found that the noble opal of Hungary 
lost 10-94 p.c. when strongly heated. The 
substance is almost wholly soluble in a hot 
solution of potassium hydroxide. 

The purest opal, known as hyalite or water- 
opal, occurs as colourless, transparent masses, 
resembling glass. Semi-opal is a name applied 
to the dull, opaque varieties, generally more or 
less impure. Menilite or liver-opal is a brown 
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opaque mineral, occurring as nodules in the Ter- 
tiary strata of the Paris basin, especially at 
Menilmontant. Wood-o'pal is simply wood 
fossilised with opaline silica, and retaining the 
ligneous structure, which, produces a pleasing 
effect when the substance is cut aird polished ; 
hence it is used in slabs as an ornamental stone. 
Hydrophane is an opal which, when dry, is 
opaque and dead white, but absorbs water 
rapidly when moistened, becoming transparent 
and somotinu;.s ex'hibii.iiig a, play of colours. A 
fine variety found in (..’oloratlo has been brought 
into use under the name of ‘ magic stone.’ 
Common opal is a general term for any opal 
which does not display sufficient colour to re- 
commen ’ ''“7 ' for decorative pur- 
poses. ■ , Dpearance it often re- 

ceives trivial names, such a.f’ 
opal, &c. Fire-opal, found 
exhibits a brilliant hyacinthine or orange colour, 
which renders it of some value in jewellery. 
But the finest variety of the opaline group of 
minerals is the precious or nolle opal, a sub- 
stance which is unique in exhibiting by reflected 
light a vivid play of iridescent colours. The 
cause of this phenomenon has been studied by 
Brewster, Crookes, Behrens, Lord Rayleigh, and 
others. By most authorities it has been referred 
to the presence of immerous microscopic pores, 
fissures, or striae in the interior of the stone ; 
but Behrens considers it due to the interpo.sition 
of thin lamellae of opaline matter having a dif- 
ferent index of refraction from that of the matrix 
(Sitz.-Ber. Akad. Wiss. Wien. Math.-naturw. 
01. 1871, 61, 519). If the colours proceed from 
distinct patches, like a brilliant mosaic, the stone 
is termed in trade harlequin opal. Precious opal 
is a mineral of very limited distribution. The 
oldest mines are those on the Dubnik Hill, near 

the village of Czerwenitza ■' ■. V"-"-. 

vagas), near Eperjes in ■ ‘ , 

where the opal occurs in a ■ 

Slabs of matrix, or ‘ mother-of-opal,’ enclosing 
brilliant particles of the gem, are polished as 
ornamental stones. Opal is also found at 
Gracias-il-Dios, in .Honduras ; at Queretaro, in 
Mexico ; near the Barcoo river, and several 
other spots in .southern and central Queensland ; 
and at White Cliffs and other districts in 
northern New South Wales. The Queensland 
opal occurs in cracks in nodules of jaspery brown 
iron-ore, and is remarkable for its brilliant blue 
and green colours ; that of White Cliffs, dis- 
covered in 1889, occurs in a white sandstone of 
Cretaceous age. Opals are usually cut en 
cabochon, i.e. with a convex surface, but the 
Queensland .stone, occurring in thin layers, 
lends itself to cameo -work, the brown ferru- 
ginous matrix forming an effective background. 

‘ Black opal,’ enclo.sing patches of manganese 
oxide and exhibiting a brilliant play of colours, 
has recently been found at Lightning Ridge in 
northern New South Wales. 

In >addition to the compact forms of opal 
mentioned above, there are also loose and 
friable forms of opixline silica represented by 
.silicious sinter or geyserite (deposited by the 
hot springs of Iceland, New Zealand, and the 
YeUowstono Park in Wyoming) and by diatom- 
aceous earth or Ideselguhr (q.v.) (eonHi.sting of 
the silicious skeletons of diatoms and radiolaria). 

L. J. S. 


OPHICALCITE V . Maeblb. 

OPIAURIN. Opianic acid and phenol, when 
heated together with strong sulphuric acid, give 
rise to an intense yellow-red dye. The reaction 
takes place between the aldehyde group of the 
acid and the phenol 

G„Ho(0CH3)(C0aH)(0H0)-h2C,H,-0H 
= H30+CoH2(OCH3)y(C02H)-CH(C;H40H)2 
This compound ’ ‘ ‘ ' ■ xidised during 

the process to ■ ' , • ' ■ < . The best re- 

sults are obtained by stirring an intimate mix- 
ture of opianic acid and phenol into sulphuric 
acid (60°B.), and keeping the mixture well 
cooled. After 24 hours it is thrown into 
a large quantity of cold water, and the pre- 
cipitate, when Avashed and dried, freed from 
tarry matters by extraction with hot benzene. 
Opiaurin is soluble in alcohol, ether, and glacial 
acetic acid, insoluble in benzene and light petro- 
leum. It can only be obtained in the amor- 
phous condition. It dissolves in alkalis with a 
purple colour ; the solution in alcoholic am- 
monia becomes brownish-yeUow on heating, but 
the purple colour returns on cooling. 

Sulphurous acid does not reduce it. Opianic 
acid reacts in a similar way with other phenols, 
and the reaction can be used to detect the pre- 
sence of opianic acid, as also of an aldehyde 
group in aromatic compounds ; the reagents 
are separately dissolved in an excess of cold sul- 
phuric acid ; on mixing the solutions the coloura- 
tion takes place at once (C. Liebermann and P. 
Seidler, Ber. 20, 873 ; J. Soc. Chem. Ind. 6, 
541). 

OPIUM. 

Origin. — Opium is the milky juice of the 
unripe capsules of Papaver somniferum (Linn.) 
or opium poppy, obtained by inci.sion and in- 
spissated by ■ - ■' . . The plant 

{v. Bentl. a. ■ . . ■> ■ indigenous 

to Asia Minor and neighbouring districts of 
South-Eastern Europe and We.stern Asia ; but it 
is now cultivated more or less throughout all 
temperate and sub-tropical countries. It ex- 
hibits, however, morphological differences. The 
two most important varieties which, according 
to Boissier, are cultivated for the production of 
opium, arc glahrum, with subglobular capsules 
and ten to twelve stigmata, and alhimi, with 
egg-shaped capsules and Avithout apertures 
(Elora Orientalis, 1867, 1, 110). The former is 
grown in Asia Minor and Egypt, and the latter 
in Persia and India. But besides these varieties 
there are minor distinctions, the petals in the 
same variety differ in colour, and may bo white, 
red, or Auolet, with a dark-purplish spot at the 
base in most cases. The seeds are white or 
dark-coloured, and contain from a third to lm,]f 
of their weight of fixed <jil. The capsules are 
provided with a lactieiferous system from which 
the juice exudes when they are incised. ll.’his 
milky juice is present in the jfiant in aU countries 
Avhero it has been grown, and opium may be 
collected provided that the rainfall is not too 
great and the temperature’ neitlior arctic nor 
entirely tropical. That its production is con- 
fined for the most part to Asia Minor, Per,^ia, 
India, and China, is determined by other con- 
siderations .such as the value of land and the 
cost of labour. 

History. — The drug was known early in the 
tliird century B.o. to Theophrost-^s. Scribonius 



Lar'-us, in the first century a.d., describes the 
method of preparing it and remarks that it 
should only be made from the capsules ; for, as 
bioscorides, writing a little later, points out, two 
sorts of opium were in use at that period. One 
of these, the opium proper, was prepared from 
the capsules, and the other, ‘ meconium,’ was 
extracted from the entire plant by means of a 
solvent. Similar accounts may be found in the 
works of Pliny and other Latin writers. The 
opium of the classical period, and indeed the 
only variety known till the twelfth century, was 
exclusively that of Asia Minor. The nations of 
the East appear to have learned of opium from 
the Arabians, and it seems probable that the use 
of the drug was favoured by the Mahomedan 
prohibition of alcohol. They are supposed to 
have introduced the drug into China in the ninth 
century. Egyptian opium, ‘ Opium Thebaiacum,’ 
is mentioned by Simon Januensis about the end 
of the thirteenth century. At this time, and 
three centuries later, according to Prosper Al- 
pinus, meconium was stiU prepared in the 
Thebaid in Upper Egypt. 

In India opium was collected early in the 
sixteenth century. Barbosa describes a variety 
produced in Cambay. Pyres, the first European 
ambassador to China, writing in 1516, mentions 
three varieties of opium, obtained respectively 
from Egypt, Cambay, and from the kingdom of 
Cons. The last-mentioned district is Kus Behar, 
south-west of Bhotan in Bengal. Garcia d’Orta, 
a little later, remarks that Cambay opium is 
chiefly derived from Malwa. The opium pro- 
duction' in India under the 

Moguls, ■ ■ , ' ■ y of Chve at Plassy 

in 1757 the monopoly passed into the hands of 
the East India Company. The manufacture 
then greatly increased, and it has gone on in- 
creasing until -within the last few years. It was 
during the seventeenth century that the first 
accounts reached us of the production of opium 
in Persia. Kampfer found that the ‘ thcriaka,’ 
which had long been held in high esteem by 
neighbouring nations, was made by mixing the 
finer sorts of opium with spices. 

The Chinese obtained their opium from India. 
Until the beginning of the eighteenth century it 
formed part of the return cargo of their junks. 
The importation was then small, and it was used 
almost exclu.sively in medicine as a* remedy for 
dysentery. The imports did not reach 1,000 
chests (Malwa chests contain one pooul, or 
133J- lbs., Patna che.sts 160 lbs.) until 1767, when 
the trade was mostly in the hands of the Portu- 
guese. In 1790, under the East India Company, 
it had become 4,054 chests. It was at this time 
that the habit of smoldng began to spread in 
China. To promote the trade the East India 
Company_ established an opium depot of two 
ships, which lay off the island of Macao, at the 
entrance to the Canton river. The importation 
™ increasing, : .. 

forbidden by the Cl ■ ■ ■ in 1790 ^ 

and that an edict was issued in 1820 prohibiting 
opium-laden ships from entering the river. The 
trade, which between 1820 and 1830 had risen 
to 17,000 chests annually, then assumed a con- 
traband character. Complaints, however, con- 
tinued, and when in 1839 it -ivas decided to 
eniorce the law, this, together with other diffi- 
culties, led to I w^r with England which termi- 


nated in the treaty of Nanldng in 1842. By this 
treaty five ports were opened to foreign trade, 
and the island of Hong Kong was ceded to the 
British Government. The export of opium 
from India into China, which in 1870 amounted 
to 55,000 chest.s, increased to 95,000 che.s't.y in 
1880. 0-wing to Chinese home production, 
however, the importation of Indian opium then 
began to decrease until in 1890 it fell to 70,000 
chests and in 1907 to 50,000. Recently, an 
important movement has arisen in China to put 

a stop to opiui • ' the Empire, 

and to this on ■ . ■ ite both the 

home producti ■ . importation 

from India. Vvnn regard lo tno Indian im- 
portation, the "wish of China has been met by 
the Government of this country, and not- 
withstanding the serious loss which it entails 
to the revenue of India, which in 1880 amounted 
to Rs. 8,500,000, and to the Indian poppy cul- 
tivators, the British Government, reciprocating 
the vieivs expressed by the Chinese, entered into 
an agreement, the effect of which, it is hoped, 
will be that both the Chinese production and 
the Indian exportation to China will be made 
to decrease together, and -- - - ’ y ffiat, 
according to well-informed ^ -will 

come to an end in a few years’ time. 

Numerous attempts had been made during 
the seventeenth and eighteenth centurie.s to 
prepare active condensed extractives from opium, 
but no constituent of a definite nature ivas dis- 
covered until the beginning of the present 
century, Derosne in 1803 no'ticed a .separation 
of crystals on diluting an aqueous extract of 
opium (Ann. Chim. Phys. [i.] 45, 257). Their 
basic character -was demonstrated by Robiquet 
in 1817 (ibid, [ii.] 5, 275), and the compound is 
now called narcotine. Derosne noticed that 
opium solutions are precipitated by alkalis, but 
thought that the precipitate was the same com- 
pound wlxich ho had previously isolated. Seguin 
in 1814 described what was probably the chief 
active constituent of opium [ibid, [i.] 92, 225), 
but to isolate^ in a definite form and make 
known the basic properties of vnorpMne was re- 
served for Sotiirner, an apothecary of Eimheck 
in Hanover, whose work extended from 1805 to 
1816. During the same inquiry, in 1806, Se- 
tiirner also brought to light meconic acid with 
which the morphine is combined. Morphine wa.s 
the first compound known belonging to the class 
of vegetable bases, which has since become so 
important ; for although narcotine was isolated 
just before, its properties as an alkaloid were not 
ascertained until afterwards. Eurther historical 
and other details -wiU he found in the article on 
opium in ‘ Pharmacographia ’ (Eliick. a. Hanb. 
272), from which many of the facts given have 
been obtained. 

Production. — Asia Minor. Opium is collected 
in Asia Minor for the most part by small 
peasant ppprietors, the largest quantity being 
obtained in those countries lying to the west, 
and having Smyrna and Constantinople for 
their ports of shipment. The product of these 
countries is the Turley opium of English com- 
merce, and of all available varietic.s it is tho 
richest m morphine. Tho poppy grown is 
the variety- glaimm of Boissier. The flowers 
are purplish or sometimes wliite, and the 
seeds white to deep violet. The plant grows 
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in elevated as well as lower situations, and 
requires a moist soil and much attention and 
skill on the part of the cultivator. Details 
of the mode of preparing the soil and manage- 
ment of the crop are given by Maltass (Pharm. J. 
[i.J 14, 395) and Heffler {ihid. [ii.] 10, 434), and 
in the official directions drawn up by the Turkish 
Government for the promotion of the opium 
culture in Macedonia {ihid. [hi.] 13, 918). The 
crop is sometimes destroyed by early frosts, 
drought, or the attack of locusts. The seed is 
sown from November to March, and the flower- 
ing takes place from May to July. In this way 
successive crops of capsules become ready for 
incision during a period of about three months, 
and a saving in the cost of labour is effected. 

In the course of a few days, after the petals 
have fallen, when the capsules are some 1-| inches 
in diameter, they are ready for incision. This 
is done transversely around the middle by means 
of a knife. The operation is one requiring sldll, 
for if the incision be not deep enough an in- 
complete flow of juice results, and if it be too 
deep some of the juice is lost inside the capsule. 
The incisions are made in the afternoon, and the 
exuded and partly hardened juice is collected 
the following morning. It is scraped off and 
placed on a poppy lefif. Masses of hardened 
juice thus obtained are allowed to stand in the 
shade to dry still further, and are then made 
into lumps of varying size and sold to dealers in 
the towns. By those the opium is manipulated 
into cakes suitable for the market, enveloped in 
poppy leaves and packed in bags, into winch 
llumex fruits are thrown to prevent the cake 
adhering together. The bags are then sealed 
and transmitted to Smyrna and Constantinople, 
where they are ' 1 ‘u ■■ ■ ■ ce of the seller, 

the buyer, and a ; . ■■ ■ ■ . The examiner 

scrutinises the drug piece by piece, and by its 
physical characters classifies it as (1) prime, (2) 
current, and (3) chiqinti. The ‘ current ’ con- 
stitutes the great bulk of mercantile opium. An 
important addition to the profits of the opium 
culture is the sale of pop^^y seed, from which the 
oil is expressed and used for a variety of pur- 
poses. It is a blar 'b -----y -u-- • - 
colour (Maltass ; i ■ ' ■ ■■ • Pharm. J. 

[iii.] 11, 835). 

Good Smyrna opium when dry contains 12 
to 15 p.c. of morphine. If loss than 10 p.c. is 
found in a specimen adulteration may be sus- 
pected. The opium used in medicine in this 
country when dried is required to contain not 
less than 9'5 and not more than 10'5 p.c. of mor- 
phine (Brit. Pharm. 1898). The dried Turkey 
opiums examined by Guibourt contained from 
11-7 to 21-5 p.c. or a mean of 14-7 p.c. of 
morphine (J. 1862, 374). Of ninety-two speci- 
mens examined by Fayk Bey, the highest was 
17 -2 jJ.c., and half of them contained more than 
10 p.c. (Fliick. a. Hanb.). Bulgarian opium, 
analysed by Theegarten, gave : — Kiistendil, in 
large lumps, 4 to 10 oz., 17-69 p.c. ; Lowkscha, 
11-90 p.c. ; Halitz, 7-25 p.c. (Pharm. J. [iii.] 11, 
896 ; 13, 342). 

Turkey opium, as it appears in English com- 
merce, consists of rounded masses, generally 
from to 2 lbs. in weight but sometimes larger 
or smaller. Externally it is covered with poppy 
leaves and Rumex ‘ chaff.’ It has a bitter 
taste, and peculiar, though not altogether dis- 


agreeable, odour. The following are among the 
'■ ■ y ‘ . the products of which 

- ■ ■ ■■ ■ : — Bogaditz ; Kara- 

■ ■ ' . \ . , - Balukhissar ; Kurka- 

^ : ■ ' , lie product of Geiveh ; 

Beybazar ; Angora ; Malatia ; and Tokat. In 
addition to these the Constantinople ■ market 
receives the opium of Macedonia and, until 
recently at least, small supplies from Bulgaria. 
The cultivation of opium in Macedonia com- 
menced in 1865 from seeds brought from Kara- 
hissar. In 1882 the districts of Kotchava, 
Straumnitza, and Tikvish exported 135,000 lbs. 
by way of Salonica, whence it is termed collec- 
tively Salonica opium. The opium districts in 
Bulgaria are Kiistendil, Lowtscha, and Halitz. 
The produce is mostly consumed by local 
pharmacy ; liut, while the country remained 
under Turkish dominion, any surplus found its 
way to 

The ' ■ receives the products 

of Afium Karahissar, Ushak, Akhissar, Tan- 
shauli, Isbarta, Koniyeh, Bulladan, Hamid, 
Magnesia, and that collected in the neighbour- 
hood which is known as Yerli. 

In the English market, Turkey opium is 
divided into three classes, known as ‘ shipping,’ 
‘ druggists’,’ and ‘ manufacturing ’ opium. As 
shipping opium are classed those varieties which 
contain the least proportion insoluble in water, 
and which yield the greatest quantity of extract 
adapted for smoldng. These are the opiums of 
Malatia, Tokat, Salonica, Balukhissar, Kurka- 
gatsch, Bokaditz, and ‘ prime ’ Angora and 
Yerli. This opium is exported to China, Peru, 
the West Indies, British Guiana, Brazil, and 
for reshipmont, to the United States. Drug- 
gists' opium is selected for a liigh percentage 
of morphine and includes the varieties which 
are u.scd in medicine. It has a firmer con- 
sistence and a darker colour than the others. 
In England the products generally chosen are : 
Beybazar, Yerli, Karahissar, including Adet, 
Amasia, Akhissar, and ‘ current ’ Smyrna and 
Angora ; for America, Ushak, Yerli, and Kara- 
hissar ; and for the Continent, Gheve. Manu- 
facturers' opium is used for the preparation of 
alkaloids and includes ‘ chiqinti,’ Persian, and 
other low-priced ojiiums (Holmes). 

Among the various adulterants which have 
been detected, from time to time, in Turkey 
opium are : sand, clay, grape-juice thickened 
with flour, fig-paste, liquorice, half -dried apricots, 
ti-agacanth, pounded poppy capsules, and even 
turpentine, stones, and bits of lead. 

Of late years there has been a great decrease 
in the production of opium in Asiatic Turkey 
attributed entirely to the low prices. 

Egypt. Only a small quantity of opium is 
now exported from Egypt. Owing to its in- 
ferior quality it is not regularly imported 
into England. Small consignments are, how- 
ever, sent to Turkey and other countries on 
the Mediterranean sea-board. It is cultivated 
in Upper Egypt near Esneh, Kenneh, and 
As.siout, the ancient Thebaid. Allen, in 1861, 
describes the collection of opium from a 
white poppy. The capsules are slit twice tra'lis- 
versely, and the juice collected the following 
day with a sort of scoop-knife, and placed on a 
leaf, in the sun, to harden (Pharm. J. [n.] 4, 199). 
The proditct is sent out in calces,^ enveloped in 
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poppy leaves, but without Rumex fruits. 
According to in^ ■' — ' ' v ‘ ' d to Martindale, 
the best opiu’ ■ ' Jrmim, on the 

right bank of the Nile, 320 mUes above Cairo ; 
•while at Assiout, 250 miles above, an inferior 
quality is produced. A piece of Akmim opium, 
in the form of a hard flat cake, four inches in 
diameter, and one inch in thickness, contained 
7-24 p.c. of morphine. There was the mark of 
a leaf adhering to it, and it had a rough and 
irregular appearance. A specimen from Assiout, 
consisting of segments of a cake, much softer 
and evidently adulterated, yielded only 0-6 p.c. 
of morphine (Pharm. J. [iii.] 19, 743). Other 
specimens have given 5-8 to 12-2 p.c. (Guibourt, 
J. 1862, 374), 3-4 to 3-9 p.c. (Petermann, J. 1866, 
704), and 5-8 p.c., together 'with 8*7 p.c. of 
narcotino (Pluck, a. Hanb.). It has also been 
shown by Gaatinel that opium can be made in 
Egypt containing 11 to 12 p.c. of morphine. 
The fact that it generally contains only half that 
proportion is due partly to an over-moist soil 
and unskilful collection, but also doubtless to 
adulteration (Fliick. a. Hanb.). 

Persia. The quantity of opium produced in 
Persia has until recent years been small and in- 
ferior in quality. '■ ■•■■■'■. ■‘•’'e Terialc-e- 

Arabistam, was : ■ ■ and Shus- 

ter, in Khuzistan. A good quality was produced 
near Sari and Balfarush, in Mazandaran, near 
the Caspian, and in the southern province of 
Kerman. Inferior sorts came from Shahabdul- 
azim, Kashan, and Kum. The cultivation ex- 
tends into Turkestan, where a sort of meconium 
is also manufactured. Part of these products 
went overland to China, by way of Boldiara, 
Khokan, and Kashgar, and another part found 
its way to Constantinople, by way of Trebizond, 
to be sold as Turkey opium (Pliick. a. Hanb.). 
More attention is, however, now given to the 
cultivation of the plant and the collection of the 
juice, and there is less adulteration, the result 
being a great increase in the trade. The poppy 
cultivated is the variety album (Boissier), having 
roundish ovate capsules. Sluraz and Behbahan, 
the latter in the neighbourhood of Bushire, and 
other new districts, furnish supplies (Pharm. J. 
[iii.] 11, 804), and old centres like Kum, Teheran, 
and Yezd, have improved the equality of their 
product {ibid, [iii.] 15, 113, 430). Ispahan has 
now become the chief centre of the opium culti- 
vation, the other important districts being 
Shiraz, Yezd, Khonsar, and also Khorasan, 
Kormanshah, and Ears. 

About the year 1870 a regular export trade 
of Persian opium was established by water from 
the ports of Bushire and Bunder Abbas, in the 
Persian Gulf, and the quantity exported in- 
creased rapidly. By far the greater part i.s now 

^ • . . 1 £ ports direct to Hong Kong, 

the market with the product 
,1! ■ “ , ind Malwa. A smaller part 

is shipped to the Straits Settlements, and the 
rest to England. A le.ss important trade con- 
tinues with Constantinople, by way of Trebizond 
and Samsun, and part of the opium made in 
Teheran, Tabriz, and Kermanshah, also finds its 
wity to Smyrna. 

In China, Persian opium has, to a certain 
extent, replaced Indian opium owing to its 
being manufactured to suit the Chinese taste. 
After it h^s been once smoked the residue in the 


pipes, if the opium is of good quality, can be 
used mixed with fresh opium some six or seven 
times, whereas Benares opium cannot be used 
thus more than once. The smoke of the Persian 
opium is milder and in consequence more 
suitable to a tropical climate ( J. Soc. Chem. Ind. 
1892, 646). It is impossible to determine the 
opium production of Persia as no statistics are 
kept, but in the season 1905-1906, the value of 
the opium exported to different parts of the 
world was over £173,000. 

The greatly increased consumption of opium 
in Persia has led to the extension of the cultiva- 
tion of the poppy over the whole country. 

The capsules are ready for cutting at the 
beginning of June. Since the lightest coloured 
opium commands the best price in the market, 
the incisions in the poppy heads are made at 
sunset and the exuded sap is collected before 
sunrise, as sunlight discolours the product. 
Vertical incisions are made, and the juice is 
collected and conveyed to the market in copper 
vessels. There it is manipulated to suit the 
tastes of buyers in Hong Kong and London, 
whither it is exported between September and 
January. One of the most celebrated products 
is that of the village of Kupa, a short distance 
east of Ispahan. 

The opium for home consumption in Persia 
is prepared by adding 20 p.c. of foreign matter to 
the crude opium after its volume has been re- 
duced one-sixtli by evaporation. The added 
material is usually ‘ saroocoUa,’ the resin of 
Pencea mucronata (Linn.), but sometimes a 
boiled extract of dried poppy heads, the seed of 
wild rue, and an extract obtained by steeping 
fresh po;ppy leaves in water, are added. "The 
mixture is then boiled slowly for 3 houns with 
constant stirring, and the paste thus obtained is 
kneaded and rolled into small sticks for the 
market. The opium left in the pipes after 
smoldng is prepared for further consumption 
by being mixed with about 10 p.c. of raw opium 
and is then smoked as Terialc-suchte (burnt 
opium) or is eaten in the form of pflls. The 
opium for export wliich is sold in lumps is pre- 
pared from the raw opium by drying until its 
bulk is reduced by about a quarter, and 
then adding from 50-70 p.c. of grape juice or 
other unknown ingredients. This opium is 
k.., — (jQgg present a granular 
! • ■ ■ ■ he Turldsh opium. Morphine 

■ that good .samples contain 

about 15 p.c. and the dry extracts contain 
about 18-5 p.c. of morphine (Siedler, Chem. Zeit. 
26, 920 ; Stahl, ibid. 32, 804). 

India. Opium is one of the most important 
products of India. It is a State monopoly of the 
Bengal Government in Behar and Benares, and 
is cultivated free in the Malwa and other districts 
of the native States, whence on arrival in British 
territory it pays duty. 

The area devoted to poppy cidtivation in 
Bengal comprises the large central tract of the 
Ganges, about six hundred miles in length and 
two hundred in breadth. It extends east and 
west, from Dinajpur to Agra, and north and 
soixth, from Gorakhpur to Hazaribagh. Accord- 
ing to Watt, the average annual area actually 
occupied by the poppy in Bengal for the last 
thirty years has been 490,000 acres. The State 
does not restrict the cultivation of opium ; but 
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it is a monopoly in the sense that what is culti- 
' vated must no sold to the Government at a j)rice 
. agreed upon beforehand. One object of these 
regulations is to prevent the neglect of cereals, 
for the poppy culture is very much more 
'■ profitable j in Malwa it is said to realise from 

. I three to seven times as much as the ordinary 

'r crops. The opium of liehar and Penares is sold 
’■ at auction in Calcutta, part is retained for con- 
; sumption in India, but the greater portion is 
shipped to China. 

Tlie remainder of the opium raised in India 
‘ is produced by the native fatates. The most im- 
portant centre is the broad tableland of the 
; Malwa and the adjoining slopes of the Vindliya 

’ Hills. The opening of the railway has given a 

! great impetus to tire cultivation in liajputana 

, and Malwa. Smaller q_uantities are produced 

I in the Punjab, not only in the plains, but 

'< to the eastw'ard of Lahore, in the valley of 

i Lias, as high as 7500 feet above the sea. 

i ICulu also produces excellent opium. It is 

I raised in Nepal, Pasahir, and P ...v . t 

I Loda Kashtwar, at the base i . ' . ; . ■ , 

j in the Jammu territory, from which districts it 

; is sent to China overland (Pliick. a. Hanb.). 

, Nearly aU the opium produced in the native 

; States, however, enters Pritish territory, and 

I pays a duty according as it comes from the 

districts of Ahmedabad, Ajmere, or Malwa. It 
is then sent to Pombay, whence, under the 
' general name of Malwa opium, it is shipped , to 
ij China. 

i' The poppy grown in India is the same va- 
i riety as tliat of I*ersia. The same require- 

t ments of soil and climate have to be met. In 

addition to the dangers to which the crop is 
exposed in Asia Minor the plant in India is 
liable to the attack of a parasitical species of 
broom rape, Orobanche indica, which attaches 
itself to tiie roots and causes the plant to wither. 
The factory for the Pehar district is at Patna, 
and for the Pcnares district at Ghazipur, where 
the Government agents are stationed. In Penares 
and Pehar the seed is sown in November, and the 
capsules are ready in February or March. They 
are then incised or scarified vertically, by means 
of an instrument called a ‘ nusktur,’ con- 
structed of several blades bound together (c/. 
plate, Pharm. J. [i.] 11, 2U7). This operation is 
repeated, in the course of a few days, on different 
sides, each capsule being scarified from two to 
six times. Tne next morning the juice, which 
has exuded, is scraped off by the use of a sort 
of concave trowel made of sheet iron, called a 
^ seetoah,’ and coheeted in earthen pots. The 
poppy capsules are afterwards utilised in a 
variety of ways and the oil expressed from the 
‘ seeds. In Malwa the capsules are ready in 
I March or April. A somewhat different instru- 
I ment is used to colleot the juice, and from time 
j to time this is dipped in linseed oil to prevent 
■ the juice adhering. Owing to the heavy dews 
the juice in India is much more moist than in 
Asia Minor {ibid, [i.] 11, 209). 

When freslily collected the juice consists of 
a wet granular mass of a pinkish colour, from 
wliich there collects in the bottom of the vessel 
a dark coffee-coloured acid liquid ‘ pasewa ’ or 
‘ pussewah.’ More of this liquid is separated 
by draining, and the opium is then carefully 
dried by exposure to the air, but protected from 


the rays of the sun. The drying is continued 
some three or four weeks until tlio moisture is 
reduced to 30 ii.c., the amount allowed by the 
. ■■ ;'us state it arrives at 

. . ‘ . ■ ... . where it is examined 

I . , . ■ ■ ■ - und if satisfactory is 

. i . ^ great care is taken, by 

mixing low and high quality opiums, to send 
out a uniform product. It is manipulated into 
balls, and covered with poppy petals, wldch have 
been dried carefully. 'Ike x-^ctals are made 
to adhere together into a sort of shell by means 
of a liquid called ‘ lewa ’ or ‘ lewah,’ niaao partly 
of opium and partly of ‘ pasewa.’ The sp)herical 
cakes, which have a diameter of about six inches, 
and are not unlike in appearance a 24 lb. shot, are 
rolled in pojipy ‘ trash,’ powdered stalks, cap- 
sules, and leaves, put into earthenware moulus 
and exposed to the sun. If blisters form, the 
cake shells are opened, the gas allowed to escape 
and then tightly closed again. After three days, 
about the end of July, the cakes are put into 
frames and exposed to the air. There they re- 
main, with constant watching, until October, 
when they are packed in chests, which contain 
wooden . ’ ” 40 cakes, and the in- 
terstices with poppy ‘trash.’ 

The chests, which contain 100 lbs., are then 
ready for exportation to China (Eatwoll). 

That which is consumed in India, ‘ abkari ’ 
opium, is prepared somewhat differently. It is 
dried by exposure to the sun until it contains 
only 10 p.c. of moisture, in which condition it 
admits of being moulded like wax. It is made 
into square bricks about 2 lbs. in weight, 

’ per and packed in boxes fur- 

■ ' ' compartments. Except that 

the aroma is not quite so good, ‘ abkari ’ oxiium 
is equal in quality to that preiiared for China 
(Eatwell, Eharm. J. [i.J 11, 209, 300, 369). 

The ojiium of Malwa and other native dis- 
tricts is not so uniform in quality as that of the 
Government factories. Malwa opium contains 
only about 5 ii.c, of moisture, and it is sent 
out in bricks or rounded masses which are not 
incased in poppy petals. 

The percentage of morjihine in Indian opium 
is much loss than that found in the ojiium of 
Asia Minor. It is remarkable that a superior 
jiroduct in this respect has not been obtained to 
suiqily the English market, es^iccially in view of 
the decreasing trade between India and China. 
Eonares oxhum in 1845-9 contained 2'2 to 3-2 
p.c. of morphine (Eatwell). 8pecimcns of Tatna 
garden opium, prepared esiiecially for medicine, 
yielded 8-6 p.c. (Eliick. a. llanb.), 7*7 x).o. 
(Guibourt), 9-5 p.c. of hydrochloride (Christison). 
iSpecimens from the India Museum gave the 
following percentages of morphine : ‘ Khan- 

desh,’ 0-1 p.c . ; ‘ medical opium,’ 1852-3, part 
of a brick, 4-3 p.c . ; ‘ garden BeJiar,’ 4-6 xj.c. ; 

‘ Abkari provision,’ ‘ Patna,’ 3-5 p.c . ; ‘ bind,’ 
3'8 p.c. ; ‘ Hyderabad,’ 3-2 p.c . ; and ' Malwa,’ 
6T x^-c- (Eliick. a. Hanb.). Three specimens 
of Malwa opium examined by W. L. Howard 
contained 4-8 p.c., 6-0 p.c., and 9 p.c. of mor- 
phine (Eliick. a. Hanb.). 

bmaU quantities of morphine salts sometimes 
reach this country from India. They are made 
at the Government laboratories at Gh^zipur 
from opium which has been coQlisigated on 
account of adulteration, and are not likely to 
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become an important article of commerce (J- 
Soc. Ohom. Ind. 1889, 917). 

China. Tire Ghineae consunic ii good deal of 
the opium exported from India, Asia Minor, and 
Persia, but not so much as formerly owing to 
the enormous development of the production in 
China, and this quantity, in accordance with the 
policy of the Chinese Government, will become 
less and less until the use of opium for smoking 
is abandoned altogether. It is not possible to 
estimate the amount produced in China, but 
some, idea of the enormous increase may be 
gathered from consular and other reports. The 
various attempts of the Chinese Government 
to prohibit the manufacture of ojrium havp 
had little effect. It was about 18.80 that it 
began to be produced in notable quantities. In 
1809, in a Keport on the Trade of Hankow, 
addressed to the ‘ ’ of customs at 

Peking, the annu ■ . hree provinces 

yunnan, Kweichow, and Szechuen, was esti- 
mated at 41,000 imculs. In the same year it 
was reported that two-thirds of Szechuen and 
one-third of Yunnan was devoted to the poppy 
(Calcutta Blue Book, 205). In 1882 the annual 
production in the south-west of China, chiefly 
the provinces of Szechuen and Yunnan, was 
estimated at over 200,000 peculs, or more than 
twice the whole importation from India (Pharm. 
J. [iii.] 13, 225 ; c/. J. Soc. Chem. Ind. 1890, 74). 
In 1885 the imports of Indian opium in Man- 
churia had fallen to only 5 i).c. of what they were 
in 18CG, its place being taken entirely by the 
native drug (Pharm. J. [iii.] 18, 280). In 1887 
the district of Wenchow Avas occupied almost 
entirely in the production of opium. The 
country, vicAved from a hill-top, was, in many 
places, one vast brilliant mass of poirpy, Avith 
here and there a patch of green (J. Soc. Chem. 
Ind. 1888, 409). The consul at NIcav Chang, in 
Manchuria, reports in 1889 that, although 
tAventy years before 2,635 peculs of Indian 
opium supijlied the Avhole irrovince, at that time 
the port of Yingtzu alone consumed 3744 peculs 
annually. This enormous demand was being 
met almost entirely by the native drug. 

Opium is cultivated chiefly in Szechuen, 
Yunnan, and KAveiehow, to a less extent in 
Shan.se, Shense, and Shantung, also in eastern 
Mongolia, and in Manchuria. The development 
of the poppy cultivation has been so great in 
many pmrts of China that it has seriously inter- 
fered Avith the supply of cereals. Por this 
reason, since the famine, it has been proliibited 
in Shense, Honan, and Ohilili. In KAvangtung 
the soil and climate are not suitable, and in Fuh- 
keen the production of sugar is equally or more 
remunerative (Holmes). In Szechuen, the 
poppy is a Avinter crop, and may be gathered in 
time to alloAV rice to be planted, and thus not 
interfere Avith the summer produce. The yield 
of opium is about 22 lbs. to the acre. ^ Every 
part of the plant has a use, if only for rdanure, 
and thus the total return amounts to about 
double that of cereals. As soon as the summer 
crop is reaped, the soil is prepared and manured 
Avith night-soil. The seeds are soAvn in Decem- 
ber, in drills li foot apart, the Avliite poppy 
being the most commonly cultivated in the Ioav 
grounds. After a month, when the plants are a 
few Arches high, the roAAAs are thinned and 
banked ifp with earth. In March or April the 


flowering takes place, and at this time the roots 
are again well manured AAuth night-soil. Tlic 
capsules are slit in April or May (Pharm. J. [iii.] 
13, 225). According to Thorel, the scarification 
and collection is precisely the same as that carried 
on in India. Some Szechuen specimens seem to 
have been coUeeted Avith the use of oil as in 
Mahva (Pliick. a. Hanb.). 

Yunnan and Szechuen opium is made into 
flat cakes and Avrapped in Avhitc paper. It is 
darker and softer than that of Persia, which it 
resembles. Chekeang is a treacly extract sold 
in 2 to 4 lb. jars. The product of Shense Avas 
supposed to resemble in flavour the highly- 
prized Patna opium. Yunnan ranks next and 
then Szechuen (Holmes). A specimen of 
Chinese opium, examined by Jamieson, con- 
tained: — Moisture, 18p.c. ; morphine, 5-9 p.c. (or 
7-2 p.c. in the dried drug) ; narcotine, 7'6 pj.c . ; 
ash, 7-5 p.c. (Report on Trade of Hankow). Au- 
thentic specimens examined by Shepjpard gave 
the following percentages of morphine in the 
dried opium ; — Szechuen, 2-2 ; Kweichow, 2-5 ; 
Yunnan, 4-1 ; Kansu, 5-1. EatweU in Szechuen 
found 3-3 and in IvAveichoAv 6-1. Sheppard 
found 5 to 14 p.c. of moisture and 36 to 
63 p.c. of extract soluble in Avater (Pliick. and 
Hanb.). 

Mozambique and Ahjeria. In 1877 a Portu- 
guese company was founded to commence the 
oiflum culture in Mozambique (Pharm. J. [iii.] 
8, 1007 ; 10, 63, 13, 445). In 1882, according to 
Guyot, some tliree hundred labourers were em- 
ployed ■ '■'{inibesi opium betAveon 

the Mr . ' . > rivers. The yield com- 
pares • ' ^ that in India. The 

product is said to be largely admixed Avith foreign 
substances before being made into 500 gram 
balls, Avhich are packed in boxes containing 
poppy ‘ trash,’ and covered with indigenous 
cotton (Compt. rend. 95, 798). These balls are 
sometimes seen in the English market. Accord- 
ing to more recent advices, the company has been 
obliged to go into liquidation, and the cultiva- 
tion has been abandoned (Pharm. J. [iii.] 21, 
87). Opium has been collected in Algeria in 
small quantity since 1828 {ibid, [i.] 15, 348). 
A dried specimen examined by Guibourt con- 
tained 12'1 p.e. of morphine (Jahrb. 1862, 374 ; 
Aubergier found 1-5 to 17-8 p.c. (Ann. Chim. 
Phys. [iii.] 20, 303). 

Australia. The production of opium com- 
menced about 1868, and the first specimen 
reached this country from Victoria, and was 
examined by Morson in 1869. It contained, 
according to Hood, 2 p.c. of morphine and 8 p.c. 
of narcotine (Pharm. J. [iii.] 1, 272). Specimens 
containing 4-2 to 7-1 p.c. of morphine Avere 
sent to England in 1870. They Avere produced 
in the village of Sunhury, near Melbourne 
(Hood). About this time the cultivation was 
commenced in Gippsland, and opium containing 
9 p.e. of morphine, 4 p.c. of narcotine, and 6 p.c. 
of meconic acid, Avas obtained (Ward, ibid, [iii.] 
1, 643). The TooAvoomba district in Queens- 
land also furnished some good specimens {ibid. 
[iii.] 1, 972). 

The chief part of colonial opium in the 
Melbourne market comes from the Bacchus 
Marsh district, Avhere the cultivation has 
been carried on for years. The sowing takes 
place at three periods, about the first week in 
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May, Ihe .second or tliird week in June, and 
the latter part of July. By this means parts 
of the crop mature in succession. The average 
yield is 15 to 25 lbs. to the acre, but in a 
good season as much as 30 to 40 lbs. are ob- 
tained. In Europe the average yield to the 
acre is 25 Iba., and in India 30 to 40 lbs. When 
the cap.sules are ready, two incisions are made 
horizontally, half-way round, and the juice 
which exudes is collected the next morning. A 
few days later other incisions are made, until 
the capsule is exhausted. The opium i,s mani- 
pulated into balls and carefully dried. ^ In 
quality it approximates to the iwoduct of Asia 
Minor. A .specimen gave 11-5 of morphine 
from the dry drug. Another from Queemsland 
contained 9-8 p.c. (Matthews, Austral. J. Pharm. 
Nov. 1887), 

Europe and North America. Attempts 
have been made in mo,st European countrie.s, in 
Greece, Italy, Spain, Erance, Switzerland, Ger- 
many, England, and Sweden, to cultivate ojuum, 
and the results have shown that, providing the 
soil selected is suitable, and the rainfaU not 
excessive, it is pos.sible, in all the.se countries, 
to produce opium equal to that of Asia Minor. 
The most important European experiments have 
been conducted in’ Erance; A product caUod 
‘ affium ’ has been made at Olcrmont-Eerrand, 
which is said to contain uniformly 10 p.c. of 
morphine ; but it has not become an important 
article of trade (Eliick. a. Hanb. ; Aubergier, 
Pharm. J. [iii.]' 15, 693). Some interesting 
inve.stigations have been made in the neighbour-’ 
hood of Amiens, where ,specimen.s of dry opiuin 
were produced containing 10 and 20 and still 
higher morphine. It was ob- 
served ■ that the morphine 

diminished when the juice was slowly dried, and 
the peculiar odour of the drug is ascribed to a 
species of fermentation (J. Pharm. Chim. [iv.] 
6, 222). Guibourt fountl the percentage of 
morphine in Erench opium to vary from 12-1 to 
22-8, the latter being the highest proportion of 
morphine ever recorded {ibid, [iii.] 41, 184,201). 
Other analyse, y of Erench opium give 17-6 p.c, 
(Descharrae, Oompt. rend. 40, 34) ; 17-G 

(Ohevallier, Eliick. a. Hanb.); 8-2 (Iloux, J, 
1855,717); IM to 11-9 (Petermann, Jahrb. 1866, 
704). German opium from Erfurt contained 
16-6 and 20 p.c. (Biltz, Grn, 10, 415); from 
Wurtemberg, 12 to 15 p.c. (Hesse, Eliick. 
a. Hanb.); and from Sile.sia, 9 to 10 ji.e. 
(Hesse). 

Experiments have been carried out on the 
cultivation of poppies for opium production in 
the gardens of the Pharmaceutical In.ytituto of 
■’ ^ - ^Berlin. The amount of opium 

poxjpie.s in that latitude is 
satisfactory; but the cost of collecting it 
prove,s to be too high (Thoms, Zeitsch. angew. 
(Jhem. 21, 2208). The poppy is rarely 
grown in Russia, although there are many 
districts with a suitable soil and climate. 
Samples of Russian opium from the Ssemiret- 
schinsky di.strict contained about 7-5 p.c. 
of morphine (Goldberg, Ghem. Zeit. 25, Rep. 
367). 

Experiments in North America lead to the 
same results as in Europe. Specimens from 
Vermont contained 15-75 p.c. of morphine 
(Proctor, Amer. J. Pharm. [iii.] 38, 124); from 


Illinois, 8-75 p.c. (Kennedy, ibid, [iv.] I, 6) ; and 
from California, 7-75 p.c. (Maisoh, ibid, [iv.] 3, 
103). 

Chemical constituents. The important 
chemical constituents of opium may be divided 
into alkaloids, neutral compounds, and acid.s, 
E- ’ of aU of these see Vegbto- 

. I •. I ■ are in opium some twenty- 
alkaloids : — (1) Morphine, 0ijHj(,N03,H20, the 
most important constituent of opium. Its dis- 
covery and the proportion in which it occurs in 
opium have been already given. It is crystalline 
■■If — (2) Go Jeme, morphine 

. ■ I !_ '■ ■ 'ajHgO, was discovered 
in opium by Robiquet (Annalen, 5, 100) and 
may be prepared by the action of methyl iodide 
on morphine. It melts at 155°. Percentage 
in Smyrna, Erench, or Indian opium, 0-2 to 
0-4 (Pharm. J. [ii.] 7, 183). (3) Hydrocotarnine 
OiaHjgNOgjI-HaO occurs in small proportion in 
opium (Hesse, Annalen Suppl. 8, 320) and is 
formed by the oxidation of narcotine (Beckett 
and Wright, Chem. Soc. Trane. 28, 577). (4) 

Thchaine, OmHoiNOs was isolated by Thibou- 
mery (Pelletier, J. Pharm. Chim. [ii.] 21, 569). 
Turldsh opium contains about I p.c. (5) 
Psendomorphine CgdllggNaOj^SHoO (Pelletier 
and Thiboumery, ibid, [ii.] 21, 575) occurs in 
opium to the extent of 0-02 p.c. or even less. 
(6) Codamine, CgoHagNO^ ; (7) Laudanme, 

CaoHogNOg ; (8) Laudanosine, O01H07NO4, and 
(9) Meconidine, G21H23NO4, which exist in 
opium in minute quantities, were discovered by 
Hesse (Annalen, 153, 47, 56 ; Suppl. 8, 272, 280, 
321). (10) Papaverine, C2(,H3j^N04, was dis- 
covered by Merck in opium (Annalen, 60, 125; 73, 
50). It exists to the extent of about 1 p.c. (11) 
Lanthopinc, G2;iH25N04 (Hesse, ibid. 153, 57 ; 
Suppl. 8, 271). (12) Protopine CggHigNOg 

(Hesse, ibid. Siqrpl. 8, .318) and (13) Cryptopine, 
GaiHagNOg (T. and H. Smith, Pharm. J. [ii.] 
8, 595, 716) are found in opium in very small 
Xmoportions. (14) Narcotinc, G22H23NO,. The 
discovery of this base has been referred to 
already. It exists free in opium and may be 
extracted by benzene in which morjjhine i.s in- 
soluble. 'Turkish opium usually contains 1 to 2 
p.c., but East Indian and Persian opium often 
contain much more narcotinc than morphine. 
In some specimen.s the proportion reaches 10 
p.c. It is crystalline, molts at 170° and forms 
salts with difficulty. (15) Pf rr-dir : . T[ NO,, 

a base found in the Papr-'t iii ■k-- l i.iu;,.,, 
probably occurs in opium in minute quantity 
(Hesse, Annalen, 140, 145). (16) Oxynareoline, 

G00H23NO0 (Beekett and Wright, Ghem. Soc. 
Trans. 29, 461). (17) NarcMne, G23H3,N03,3Ha0, 
was discovered by Pelletier in opium in which it 
is found to the extent of 0-02 to 0-1 or even 0-7 
p.c. (Ann. Chim. Phys. [ii.] 1, 262). It consists 
of long colourless prisms which lose water at 
100° and melt at 145° (Hesse, Ber. 7, 105). (18) 
Gnoscopine {dl-narcotine), C-ioHaaNOy (T. and 
H. Smith, Pharm. J. [iii.] 9, 82 ; 52, 794). (19) 
Tritopine, Cjallg^NaO, (Kauder, Arch. Pharm. 
228, 419). (20) PajKivcrosine, a base found in 
poppy capsules by De.schamps (J. 1864, 446) 
but not hitherto detected in opium. (21) 
Laudanidine, GaoHagNO^ (Hesse, Annalen, 882, 
208). (22) Xanihaline or Pajnv(^aldvie, 

OaoHioOgN (T. and H. Smith, Pharm. J. 52, 
793 ; Hobson and Perkin, Ghem. Soc. Trans. 
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99, 135). (23) Hydroxycodeme, CigHaiOiN 

(Dobbie and Laudei-, Cbem. Soc. Proc. 1910, 
339). With the exception of morphine and 
narcotine the remaining bases do not occur in 
opium to a greater extent together than 2 p.c. 
and generally not more than 1 p.c. 

The nentvd ■; .-m; ...mid.-: are: — (1) Meconin, 
C^1 (|Hio 04, oy Dublanc (Ann. Chim. 

Phys. [ii.j 49, 5), but more completely studied 
by Couerbe (Annalen, 5, ISO). It may be 
obtained by the oxidation of narcotine (Ander- 
son, ibid. 80, 191 ; 98, 44) and is formed in other 
reactions. It is an inner anhydride 
OBH2(OMe)2CHyCOO 

(Hessert, Ber. 11, 257). (2) Meconoisin, 

OaHioOa or perhaps 08H2(Me)2(OH)2. It is 
crystaUine, melts at 88°, and was found by 
T. and H. Smith in the mother-liquor from the 
i"’ ' ■ ’ ■ " ■ 3Conin (Pharm. J. [hi.] 8, 981). 

■ of Meconic acid C,H407,3H20 

^I^^oady been mentioned. It is a tribasic 
acid ioxx" _ econdary, and tertiary 

salts. ■ , , ■ I - it loses its water of 

crystallisation, and at 120° to 200° it breaks up 
into carbon dioxide and comenic acid C6H4O5, 
and at a higher temperature into another mole- 
cuk of carbon dioxide and pyromeconic acid, 
b'811403. Meconic acid occurs in opium to the 
e^,ent of 3 to 5 p.c. in combination %vith mor- 
phine, and perhaps with other bases. The 
bolactic acid’ of T. and H. Smith (Pharm. J. 
pi.] 7, 50) has been shown byStenhouse (Watts’ 
piet. 1st ed. 6, 759) and Buchanan (Ber. 3, 182) 
to be identical with lactic acid. Turkish opium 
contains, according to T. and H. Smith, 2 p.c., 
but it IS probably not an original constituent of 
the poppy. juice (Pliick. a. Hanb.). 

The less important constituents of opium 
represent three-fourths of its weight. Water 
exists to a very variable extent. Turldsh opium 
contams on an average 12-5 p.c. The Bengal 
opium sent to China is made to contain uni- 
formly 30 p.c. About 50 p.c. of opium is 
composed of a, gum, haying properties distinct 
irom gum arabic, 'pectin, albumen, and frag- 
ments of capsules. Sugar is present in French 
opium to the extent of 6-5 to 8-0 p.c., and is said 
to be uncrystaUisable. Of that part of Turkish 
opium insoluble in water, 6 to 10 p.c. is com- 
posed of wax, pectin, and insoluble calcium 
salts. _ The wax, which exists in the juice as an 
I'Ll f mixture of cerotyl palmitate, and 

cerotyl cerotate (Hesse, Ber. 3, 637). Vermont 
opium contained 11 p.c. of caoutchouc (Proctm). 
Ihe colouring matter and a pungent volatile 
substance, which is removed by benzene or 
F^^imed. Opium leaves 
consisting chiefly of sulphate 
and phosphate of calcium and magnesium, 
^oppy-juice contains no starch or tannin. The 
presence of these substances in opium is' there- ' 
oi adulteration. 

. examination of opium and the 

■ ■ _ - I racted by solvents (Deane and 1 

Nov. Vermoot opium (Procter Amer’T i 

™ ' P,. i Huckigrife SM 

797; Piatm.J.[ii.]10,208);lnl»nW6lliuS ! 


opium (Browne, ibid. 84, 452 ; van Itulliit and 
Kerbo.sch, Arch. Pharm. 248, 61)9). 

For determination of morpliiiiu in o]iiuiii, 
V. Xeblor (J. Sue. Oliem. Ind. 14, 4111); Dolt 
{ibid. 15, 91 ) ; Gordin and Prescott (Arcli. 
Pharm, 237, 380); Dowzard (Pharm. ,1. 71, 
909); Schidrowitz (Analyst, 29, 144); luul for 
determination of narcotiue and codeine, van 
dcr Wielin (Pharm, Zeit. 48, 267); Ga.spura (-1. 
Pharm. Chim. 20, 458) ; Andrews (Anuly.st, 3li, 
489). 

Physiological action and uses. — Opium ')i 
without doubt tlie Jiiu.st inqjorliml- remedy avail- 
able for use in niedieine. lis itelion on iiiun is 
chiefly on the brain, producing sleep. In do'jes 
of a grain or less, a stage of .slight excitement 
supervenes during which the individual can 
control his energies. In 1 to 2 grain dose.s the 
stage of excitement is short and is succcedetl by 
deep sleep, after which there is nausea and 
headache. If largo doses of 3 grains or more be 
administered the excitement is very short and 
is followed by sleep which becomes mure and 
more comatose until the jiatieut cannot be. 
aroused. If death talces place the respiration 
ceases first. Opium is used for the aUeviatiou 
of pain, either generally or locally, for the pro- 
duction of sleep, or for reducing the irritation of 
various organs. Its special ai)pliculions in the 
treatment of disease are almost endless {ef. 
Brunton, Pharm. Thcrapeut,, 1887, 852), 

The action of opium in stimulating and then 
depressing gives rise to the <le,sir(j tn'rojieat the 
dose. In this way the habit of ‘ <jpium (sating ’ 
is contracted. The worst ellect.s of opium are 
thus (obtained. It deranges the nervous hysl(!m, 
‘^rid impairs the intellectual and nioi’a.1 and 
finally also the physical powers. Do (],uiuc(.y’.s 
description of his own experience is Avell known. 

But by far the largest quantity of opium if) 
used for smoking. The habit is believed to 
have originated in Persia, but it i.s in Ciiina, 
where it prevails to_ the greatest extent at the 
present day, where, indeetl, its use aqipear.s to bo 
almost as widely dillused as the use of tubueeo 
in JliUrope. For smoking the ojiium undcrgoc'.s 
a process of preparation wliich is a businf'ss in 
Itself. _ in Hong Hong, according to MeGulhirn, 
the opium is extracted by boiling witJi water and 
the clear solution is evaporated until it attains 
the consistence of treacle (Pharm. J. [iji;! U, 
229; 12, 446). Pho Chinese in (.'filiforntn. Ufto 


229 ; 12, 446). Pho Chinese in California iirst 
put the opium through a series of rousting 
processes which are said to destroy it.s sf,iekin((fifi 
c-xtraeted by boiling 
with water (Calvert, ibid, [iii.'i J20, 148) 'J'iie 
Chinese recognise four varieties of opium' ( 1) 

fvlZ, .pi opium, th« 

extract described; (3) (,)piu,a ‘ dros.s,’ the 
scrapings of the opium pipe, which are said to 
be strong, Imt, of inferior flavour; (4) Opium 

wS (MclSlumr'^ 
desicUn Vff 

® [Waratu.s in 1882 from 

of'mLl ) made 

opening. A drop of 
the soft opium is taken on the point of a ‘ dit)- 

nttle lamp until with constant burning it has 
the appearance of burnt worsted. Then, first. 
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■warming the howl of the pipe, the drug, about the ] 
size of a hemp-seed, is placed about the open- 
ing in the bowl, the pipe taken in tlie mouth 
and the opium ignited. The smoke is partly 
swallowed or inhaled and partly exhaled by 'the 
mouth and nose. The preparation for smoldng 
occupies 5 or 10 minutes, but the actual smoldng 
only about 30 seconds (Sampson, [iii.] 11, 
22 ). 

The physiological action of opium smoked 
in this way'is clearly quite different from what it 
is when taken in the stomach. It is noteworthy 
that those opiums most higlily prized for 
smoldng contain a small percentage of mor- 
phine. It would seem that, notwithstanding the 
serious view of the effects of opium-smoldng 
taken by the Chinese Government and held by 
many Europeans, the habit is not more in- 
jurious than the use of other stimulants. Opium 
in the East seems to perform the same function 
that alcohol does in the West, and, as far as can 
be ascertained, with about the same good and 
bad effects {cf. Birdwood, Pharm. J. [iii.l 12, 
500 ; Spence, ibid, [iii.] 13, 226 ; McCallum, 
ibid, [iii.] 14, 27 ; James, ibid, [iii.] 18, 280). 

A. S. 

OPOBALSAM V . Oleo-besins. 

OPODELDOC. Linimentum 8aponato-cam- 
phoraium, A solution of soap, camphor, and 
volatile oils in alcohol, used externally in 
rheumatism, sprains, &c. 

OPOPANAX or OPOPONAX Gto-resins. 

ORANGE. Citrus Aurantium (Linn.). 

Many varieties are Imown, differing in size, 
shape, colour, flavour, and other respects. 

Konig give ■ ' of a very large 

number of ■■ ■ 

Mean -^vt. of fruit Porronfage nroportion of— 
in grams. Rind Plesli Pips 

188-4 27-8 71-0 1-2 

The flesh contains — 

Wafer Protein Invert sugar Cane sugar Citric acid Ash 


84-3 1-1 2-8 

The juice contains— 


2-9 

1-4 

0-4 

Total Invert 

Cano 

Citric 



extract supar 

supar 

acid 

Protein 

Ash 

13-0 4-1 

5-0 

1-4 

0-4 

0-3 


The following figures were obtained by 
Parnstciner and Stiiber (Zeilsch. Nahr. Genussm. 
1904, 8, 003) from the examination of the juice 


of Valencia and Me.ssina oranges — 

Valencia 

oranpos 

Messina 

oranpes 

Sp.gr. at 15® 

1-0464 

1-0451 

„ „ after boiling 

Grams per 100 c.c. — 

1-0466 

1-0455 

Total solids, dried at 100° 

10-92 

10-85 

Citric acid (anhydrous) . 
Total sugar (as invert 

1-79 

1-47 

sugar) 

7-65 

7-86 

Ash .... 

0-52 

0-62 

Nitrogen 

Polarisation in 200 mm. 

0-099 

0-075 

tube, direct 

Polarisation in 200 mm. 

O 

O 

1 

-f2-46 

tube, after inversion . 

-3-10° 

-3-66 


The characteristic flavour of oranges is due 
to the sugar, free citric and malic acids, and 
essential oils which they contain. The last- 
mentioned is most abundant in the rind [v. Oils, 


essential). Them ■ — - ■ ■ - " 

of oranges consist ■ 

glutamine (Scurti I* ■ . ■ ■ . / 

1908, ii. 16, 1370). 

The fdmous, insoluble, inside portions of 
Japanese oranges were found to contain — 


Water Protein Pat Galactan Pentosan CelIulo.se Asli 
12-16 6-27 1-28 18-91 27-72 32-51 2-15 


(Bahadur, Bull. Coll. Agr. Tokyo Imp. Univ. 
1906, 7, 121). The leaves of the bitter orange 
{Citrus vulgaris [Risso]) contain stachydrino 
(Jahns, Ber. 1896, 29, 2065). Dried orange-peel, 
softened with acetic acid and boiled with water, 
yields about 8 or 9 p.c. of Imvulose (Bauer, 
Landw. Versuchs-stat. 1894, 45, 298). H. I. 

ORANGITE. An orange-coloured variety 
of the mineral thorite [q.v.), occurring as 
tetragonal crystals and irregular masses, occa- 
sionally a few ounces in weight, in the augito- 
ayenite of southern Norway. It was described 
and named by C. Bergemann in 1851, and 
believed by him to contain a new element 
‘ donarium. ’ The identity of the mineral with 
thorite has long been recognised. 

L. J.- S. 1 

ORANGE, CHROME, v. Cheomium. 
ORANGE, CROCEiN v. Azo- colotteing 

MATTERS. 

ORANGE FLOWERS, OIL OF, v. Oils, 

ESSENTIAL. 

ORANGE, GOLD v. Azo- colotteing matters. 
ORANGE leaves; OIL OF, w. Oils, essen- 
tial. 

ORANGE M ; ORANGE, MANDARIN ; 
ORANGE, METHYL; ORANGE, NAPHTHOL, 

V. Azo- OOLOtTEING MATTERS. 

ORANGE OCHRE. Burnt Roman ochre 
V. Pigments. 

ORANGE OIL v. Oils, essential. 

ORANGE, PALATINE, v. Palatine oeange. 
ORANGE RUSSET. liubens madder v. 
Pigments . 

ORANGE, SALICYLIC, v. Salioylio Aoid. 
ORANGE YELLOW v. Azo- coloeeino 


MATTERS. 

ORCEIN V. Orcinol, art. Phenol and its 

HOMOLOGHES. 

ORCHELLA WEED v. Archil. 

ORCHIDIN V. Synthetic dregs. 

ORCHIL V. Archil. 

ORCHIL SUBSTITUTE «. Azo- colouring 

MATTERS. 

ORCHIPIN V. Synthetic drugs. 

ORCIN V. Orcinol, art. Phenol and its homo- 

LOGUES. 

ORCINOL V. Phenol and its homologubs. 
ORDEAL BEAN. Calabar Bean, Physo- 
stigma, Eserd Nrit {Eilve de Calabar, Fr. ; 
Kalabarbohne, Ger.). The seeds of the Physos- 
tigma venenosum (Balfour), a climbing plant, 
inhabiting the banks of the Niger and Old 
Calabar rivers near their mouths, in Western 
Africa {cf. Bcntl. a. Trim. 80, and, for an 
allied species. Holmes, Pharm. J. [iii.] 9, 912). 
The plant has a woody stem, and ascends to 
a height of fifty feet. The seeds are exceed- 
ingly p*’ r-. ■ ■ ’ nown to the natives 

in the ■ ■ ■ . Gulf of Guinea, by 

whom ■ . as an ordeafto be 

undergone in cases of suspecterf fvitchcraft. 
Daniel, about 1840, introduced ordeal bean into 
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Europe (N. Ed. Pliarm. J. ‘la r:’n'. . id i: ; lAvd- 
logical action was exa;-*:ncd bj 
(Pharm. J. ]4, 470). It causes a marked con- 
traction of tile pupil of the eye, and on this 
account is much used in ophthalmic medicine. 
With regard to the antagonism between ordeal 
bean and belladonna, v. Bennett (Brit. Med. J. 
1875, 464). It is given in cases of poisoning by 
strychnine, and generally in tetanus and chorea 
(cf. Fliick. a. Hanb. 191). 

The physiological activity of ordeal bean 
depends cliiefly upon the presence of the alka- 
loid pJit/sostigmme or eserine, CigHoiNgOo, dis- 
covered by Jobst and Hesse (Annalen, 129, 115). 
To obtain it, the seed is exhausted with alcohol, 
and the. alcohol removed from the solution by 
distillation. The residue is mixed ivith sodium 
bicarbonate and extracted with ether. The 
ethereal solution is shaken with water contain- 
ing sulphuric acid, and the acid solution of 
alkaloidal sidphate is treated with excess of 
sodium bicarbonate. Ether now extracts the 
physostigmine and yields it as a brittle varnish 
on evaporation (Hesse, Annalen, 139, 82). 
Petit shakes the last ethereal solution with 
water, containing just sufficient sulphuric acid 
to neutralise the alkaloid. In this way, after 
removal of the ether and evaporation, crys- 
tals are obtained of neutral sulphate of physo- 
stigmine (J. Pharm. Cliim. [iv.] 14, 255). 

Physostigmine is tasteless but exceedingly 
poisonous. It forms colomless or pinkish 
crystals wliich melt at ]05“-106° (Petit and 
Polonowsk}^ J. Pharm. Chim. [v.] 29, 55). It 
is soluble in alcohol, ether, benzene, carbon di- 
sulpiride, and chloroform ; but is only sparingly 
soluble in water. It oxidises readily, especially 
when moist, at 100°, a compound being formed 


ferric cMoride, and combines with acids to form 
salts. Most alkaloidal reagents precipitate 
physostigmine. The compound with potassio- 
mercuric iodide CigHaiNgOa.KLHgla is wliite, 
insoluble in water, but soluble in alcohol, from 
which it may be obtained in crystals which melt 
at 70° (Hesse). When the alkaloid is neutral- 
ised with dilute sulphuric acid, an excess of 
ammonia added, and the mixture evaporated to 
dryness, a magnificent blue residue remains. 
The blue compound is soluble in water and 
alcohol, and may be crystallised from these 
solvents in elongated prisms. If to a solution 
of the base in water ammonia be added and the 
mixture be evaporated at 100° a bluish residue 
remains, which on the addition of an acid 
becomes beautifully dichroic blue and red 
(Petit, Compt. rend. 72, 569 ; J. C. Umney 
Pharm. J. [iii.] 20, 1061). When heated with 
aqueous alkalis in presence of air, eserine first 
yields nibreserine, CigHigNaOs, which crystal- 
lises in red needles, but which is gradually con- 
verted into perine Hue. This is a true dye, 
colouring silk and wool without mordants 
(Ehrenburg, Chem. Zentr. 1894, ii. 439). A list 
of colour reactions of eserine is given by 
Reichard (Pharm. Zentr. 50, 375). 

According__ to Harnack and Witkowsky 
(Pharm. J. [iii.] 8, 2), ordeal bean contains a 
second .alkaloid, calaharine, which differs in its 
solubilities and its physiological action from 


physostigmine; indeed, it appears in the latter 
respect to resemble strychnine. Another com- 
pound, phytosterol, has been isolated by II esse 
(Annalen, 192, 175). It consists of brilliant 
tabular crystals, which melt at J32°-133°, and is 
extracted from the seed by light petroleum (r/. 
MacEwan, Pharm. J. [iii.] i7, 641). Windaus and 
Hauth (Ber. 39, 3478) show that this jiroduct 
is not a single sulxstanco. By Huital)le treat- 
ment it can be separated into sitosterol C27ll4c^-*’ 
m.p. 136°-137°, identical with the compound 
obtained !" '' '' ■■ ’ --an 

(Monatsh. ' 

m.p. 170°. By acting on physostigmine with 
reducing agents, Eber (Pharm. J. [iii.] 19, 
161, 345) has obtained a compound eseridine 
C15H23N3O3, which is said also to be a con- 
stituent of the .seed (Bohringer und Sillnu'. 
Pharm. Post, 21, 663). It liberates iodine from 
hydriodic acid. By treatment with adds it ia 
reconvertible into physostigmine. Eseridinc i.s 
distinguished from eserine by not yielding 
rubreserine under the influence of alkalis and 
air. A further alkaloid has been isolated by 
Ehrenberg (Z.c.), eseraniine C13H2BN4O3, which 
crystallises from alcohol in slender white 
needles. It is not identical with Harnaek’s 
calabarine and doubts are expressed whether 
calabarine exists as such in the beans. Ogui 
(Apoth. Zeit. 19, 981) has also described anotlier 
alkaloid, isophysosiigmine, isomeric with physo- 
stigmine, but Salway (Chem. Sou. Trans. 99, 
2148) obtained no evidence of the pre,senco of 
this alkaloid or of cseridine. Salway finds that 
physo.stigmine can bo obtained in two inter- 
convertible modifications, m.j). and 

105°-106'’ re.spectively, and he has alscj isolated 
a new alkaloid, physovenine Oi^HjgOaNa, m.p. 
123°, which, like phyao.stigmine, produce.s a 
powerful myotic effect on the pupil of tlui eye, 
in addition to calaharol m.p. 245'‘', a 

new dihydric alcohol, and irifolinnol 
a dihydric alcohol previously isolated froni' red 
clover flowers. 

For estimation of alkaloids in ordesd bean 
by means of Mayer’s reagent v. Masing (Arch. 
Pharm. 1877, 310). Gravimetric methods (Gib- 
son, Pharm. J. [iii.] 15, 593 ; MacEwan, ibid. 
[iii.] 15, 594 ; 17, 642). A. 8. 

OREIDE. An .alloy of a brilliant-yellow 
colour, resembling gold, made by taking copper 
100, zinc 17, magnesia 6, sal ammoniac 3‘0, lime 
1 '80, and tartar 9. The copper is melted and the 
other materials are added in small jjortions at a 
time, and the fused mass is skimmed and kept 
melted for about half an hour. The alloy has 
a fine grain, is malleable, takes a most brilliant 
po_li.sh, and if it tarnishes its lustre is restored by 
acidulated water. 

_ ORELLIN. A yellow colouring matter con- 
tained in .annatto, which is derived from the 
fruit cap.sules of Bixa Orellana (Linn.). Sffluble 
in water and alcohol. 

ORICHALCUM. A form of brass in use 
among the ancient Greek, s and Romans. 

^^ORIENTAL emerald, oriental 

TOPAZ V . CoEUNDuivi. 

ORIENTAL ALABASTER u. Onyx-mauble. 

ORIGANUM OIL v. Oii.s, e.ssential. 

ORIOL YELLOW v. Putmulinu and it.s 
Derivatives. 

ORMOLU V . Mosaic gold. 
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ORNITHINE, o^-diaminovalcric acid 
nHo[CH„]3UH(nh,)c:OoH, 
was first prepared by Jaff6 (Ber. J877, 10, 1926 ; 
1878, 11, 40) from its clibcnzoyl derivative 
ornUhnric acid, found in the excrement of birds 
that had been fed with benzoic acid. It occur.s 
among the products of alkali hydrolj^sis of 
certain proteins, probably arising from arginine 
by a further hydroly.sis (Kossel and Woi.ss, 
Z'oitsoh. ])hysiol. Ohem. 1 909, 59, 492 ; 60, 

311 ; 1910, 68, 160) ; and it can also bo obtained 
from arginine by the action of nrginasejq.v.) ; 
or by hydrolysis with l)arium ’ ’■ ■ ’ 1 

and Winterstoin, Ber. 1897, - , 

Jaffe (/.c.) showed that ornithine was a 
diamino valeric acid, tho position of the two 
amino group.s being determined by Ellinger 
(Ber. 1898, 31, 3183), who obtained putrescinc 
(totramethylemidiamine, Udranslcy and Bau- 
mann, ibid. 1888, 21, 2938) and carbon dioxide 
by tho actiee ■ ;,..b ■-vir.:. vnr;e:v.n“ ■';n ornithine. 
CbPh-NH[<-!i. I!, 

I i l b N 1 1’ . ' ' . i ! -^NHaCOHal^NHa 
Urnitliine. " PutrcHcino. 
Ornithine ha.s been synthesised by Fischer 
(Ber. 1901, 24, 454) by tho following serie.s of 
reactions : — ■ 

Ethyl-y-phthalimidopropylnialonatc 

CVH.,[C0]jjN-[CHa].pCH(C02Et)2 
obtained from pota.s.sium phthalimidc, propylene 
brotnide, and ethyl sodiomalonato, yields ethyl 

1 ,1 .T -..11-,.^ bromina- 

■ ; ■ ' , ■ with loss 

of carbon dioxide into );-p' ; ■ rb'ddo-a-iuv n:',- 
valeric acid a„Hi[00]2N[CHij]30HBr(C02H), 
which, on treatment with ammonia ancl subse- 
quent hydrolysis, yields aS-diaraino valeric acid 
or inactive ornithine. A similar synthesis has 
boon effected by iS6ron.sen (Zcitsch. physiol. 
Chem. 1906, 44, 448) ; and a synthesis from 
benzoyl piperidine is described by Fischer and 
Zompi6n (Ber. 1909, 42, 1022). 

Ornithine is not crystalline, but forms 
cry.stalline salts ; it i,s readily .soluble in water, 
forming an alkaline solution ; it contains an 
asymmetric carbon atom and derivatives of tho 
dextro, lawo, and racemic varieties are described. 

fi-Ornithine. Tho ornithine hydrochloride 
obtained by hydroly.si.s of naturally occurring 
ornithuric acid has [a]p-j-15-04° to 16-8° (Schulze 
and Winterstein, Zeitsch. ])hyHiol. (Jhem. 1901, 
34, 128), and d-ornithine i.s also obtained by tho 
hydroly.si.s of d-argininc with barium hydroxide. 

SaitH. Hydrochloride.s 0,14, ,.0„N.„2Hai and 
OsHioOoN^HOI ; platinichloride 
(J,Hi..O.,N2,H.,PtCl„ ; 
nitrate C5H,.20„N.„PIN0., ; 
oxalate 3C5PIiob2N2,202H20.i ; 
acetate, ra.p. 161°-i62°; 
pioratc CV.H:, 202N2,fJ„H30,N3 
(Schulze and Winterstein) ; or with IH.,0, m.ii. 
198°-199° (Rie.sscr) ; or m.p. 203°-204°“(KoK,sel 
and Weis.s). 

Acyl derivatives. '7 ,11,, 

m.p. 191°-192‘’ ; the ■ 

Ci-,T-Ii„0oN2(S0V0i„H,)2, 
m.p. 189°; the monobenzoyl m.]). 

225°-240° ; the dil)enzoyI {d-nrnilhuric acid) 
PhC0-NIi[GH2]CH(C02H)NI-l-00Ph, 


I m.p. 184 °- 185 °, [a]jj-f 9 - 2 ° to 9 - 3 ° in 10 p.o. 
solution of sodium salt, -f- 8 - 5 ° in 20 p.e. solu- 
tion ; brucine d-ornithurate 

OiaHaoO.No-OasHaaOiNo.HaO, 

m.p. 135 °- 136 °, separates from a solution, of 
brucine in racemic ornithuric acifl. 

Z-Ornithine. Acyl derivatives, fi’he dibenzo^d 
(Z-ornithuric acid) Ci jl-r 2 (, 0 .,lSr 2 , from dZ-ornithurie 
acid by fraction; ■ ' r of tho cincho- 
nine salt ; ra.p. ' • 9 ' 22 ° in 10 p.o. 

solution of tho .sodium salt ; cinchonine 
Z-ornithurate CidliaoO^Na'OiQH'.joONa’HaO, tho 
anhydrous .salt ha.s m.p. 154 °- 15 f)° (corr.) ; 
monobenzoyl 0 i.,Hi 3 O 3 N 2 , m.p. 240 ° ; the phcnyl- 
Zsooyanate.'m.p. 189 °-i 90 °(eorr.); thohydantoin, 
m.p. 191 ° (corr.). 

dZ-Ornithine, obtained by the putrefactive 
hydrolysi,s of arginine carbonate (Ackermann, 
Zeitsch. i^hysiol. Chem. 1908 , 66 , 305 ) ; by 
hydroly.sis of clupeine .sulphate with barium 
hydroxide (Kossel and Weiss, ibid. 1909 , 59 , 
492 ; 60 , 311 ) ; is also prepared by any of the 
.synthetic methods described above. 

Salts. Hydrochloride (J,H 3 ,. 0 .,N 2 ,I- 101 , m.p. 
215 °; aurichloride H AT 7 jqA,,r.i ^ w 
docompo.sc.s at ,. . ; 'do 

CoHiaOsNo-HaPtClB ; sulphate 

( 0 iiHi 20 . 2 N 2 )oH 2 S 0 i, 

m.p. 213 °; nP-<i+« G H -n-AT.-HNO;,, m.p. 

183 °; oxalate ( ■’ ' b ■ 7 , ra.p, 218 ° ; 

carbonate; acetate Ujiii] 202 JSl 2 't). 2 Tl 402 , m.p. 
163 °-] 64 °; raonopicrate C 5 Hi 2 C) 2 NVt-'o-fl 307 N 3 , 
m.p. 170 °, triclinio sy.stem, 

« : & : c =()-0902 : 1 : 0 - 6301 , 
a= 93 ° 10 ', ; 8 = 100 ° 55 ', 7 = 8 !° 10 '; dipiorato, 
G' 5 Hi.. 0 .,N.,(C 8 H 30 ,N 3 ) 2 , 2 IH., 0 , m.p. ] 83 °- 184 °; 
picrolonate" CJJiviO.aN,*''' F“n H .pm n ni.p. 
220 °- 221 °. JJouhle salt'. • ■ phato 

( 05 Hi 202 N 2 ) 2 GuS 04 ,H 20 , lu.p. 2 U 4 “- 295 “ ; with 
cupric nitrate ((Jr,H,. 2 C),N,,) 2 C'u(N 03 ). 2 ,iH 20 , 
m.p. 107 °- 168 ° ; with silver nitrate 
OJ-IiaOsNa'HNOa-AgNOa, 

ra.p. 175 °. 

Acyl derivatives. The phcnylwoeyanatc, m.p. 
192 ° ; the hydantoin, m.p. 194 °- 196 ° ; tho 
7-- ’ - ■ ObH\„02N.2(CioH-S02), 

; "-monobenzoyl 
PhC 0 -NH[CH 2 ] 3 CH(NH 2 )C 02 H, 
m.p. 260 °, or 285 °- 288 ° on the Maqueime 
block; tho S-w-nitro benzoyl C] 2 Ti] 505 ^), m.p. 
250 ° ; the a-raonobenzoyl 

NH. 2 [CH. 2 ] 3 (JH(NH-(JOPh)GO,,H, 
m.p. 264 °- 267 °, on the Maqueime hloclc ; and 
7 ’ (dZ- ornithuric acid) GidHouO^Na, 

. . M. A. W. 

ORPHOL. Bismuth / 3 -naphtholate, v. Bis- 
muth, OkgaNIC) compounds op ; also SyNTHETIC 
Duua.s. 

ORPIMENT {Aiiri'pujmenliim). Native 
ar.sonic trisulphide, A-SgS.,, crystallising in tho 
orthorhombic sy.stem and isomorphous with 
.stibnite (f 8 )). 2 S 3 ). OrystaLs are rare, tho miuera^^ 

usually ’ .minated or scaly inas.ses 

with a ■ parallel to the surface of 

the plaics. me colour is lemon-yellow, and 
there is a pearly bistro on the cleavage surfaces, 
'rhe mineral is very soft and sec 4 iIe«(H. 11 - 2 ), 
and the flakes are readily bent; sp.gr. , 3 - 48 . 
Oi’pimcnt occurs, usually in association with 
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realgar ((y.v.jjiu mineral-veins together AvitE ores 
of silver, lead, &c., and also as nodules in beds 
of sandy clay. It is found at several places in 
Hungary, at Mercur in Utah, and in some 
abundance at Julamerlc in Asiatic Turkey. 
Some hundreds of tons are exported annually 
from Shih - haung - Oh’ang in prov. Yunnan, 
China. The mineral is used as a pigment 
(King’s yelloAv), but now mostly in the East ; 
it is the auripigmentum (golden paint) of the 
ancients. Eormerly it was also used in dyeing 
and calico-printing, and by tanners for removing 
hair from skins. L. J. S. 

ORRIS RO9T is the peeled and dried 
rhizomes of Iris florentina (Linn.), I. pallida 
(Lam.), and I. qermanica (Linn.). It is charac- 
terised by a pleasant aroma, and appears to be 
slightly deterj ’ ’ - - -- em- 
ployed in the ’ ; -and 

dentifrices, and to a small extent as an ingre- 
dient of snuff. 

ORSEILLINE v. Azo- aoLOUEiNa mattebs. 

ORSELLINIC ACID, CflHgOi.HaO, Avas first 
prepared by Stenhouse (Annalen, G8, 61), by 
digesting lecanoric acid Avith boiling baryta 
Avater, and can also bo produced from erythrin 
in a similar manner. According to Hesse 
(ibid. 130, 36), the solution of erythrin in baryta 
water is heated on the steam bath until a sample 
of the product no longer yields a gelatinous 
precipitate when neutralised AAuth hydrocliloric 
acid. The liquid is then acidified, and the 
orseUinic acid, Avhich separates on standing, is 
crystallised from alcohol or acetic acid. 

OrseUinic acid cry8talli.se3 from dilute acetic 
acid in needles Avith iHaO. When heated, it 
melts at 176° Avith evolution of carbon dioxide 
and formation of orcin, and is evidently an orcin 
carboxylic acid. 

Ethyl orsellinate OmHijO^, colourless leaflets, 
ra.p. 132°, is produced Avhen erythrin is boiled 
for several hours Avith alcohol (Stenhouse, l.c . ), 
and can be prepared in an identical manner from 
lecanoric acid (Schunck, Annalen, 64, 265), 

Methyl orselKmte (Schunck. l.c., 

and Stenhouse, l.c.), and isoamyl orsellinate 
CisILoO;, (Stenhouse; Hesse, Annalen, 139, 37), 
m.p. 76° have also been obtained. 

According to Henrich (Ber. 1904, 37, 1406), 
ethyl orsellinate in alkaline solution reacts Avith 
diazobenzene chloride, with formation of the 
disazobenzene derivative 

CgMe(OH)o.(CaHr,N,.)aCOOEt, 
red needles, m.p. 186°, and this, on reduction 
Avith stannous choride land hydrochloric acid, and 
further heating Avith hydrochloric acid at 160° 
gives diamino-orcin hydrochloride 
C„HMe(OH)j(NH,),(Me:{NH,)':(OH)2=l:2:4:3:5. 
The constitution of orseUinic acid is therefore 
to bo represented as follows : — 

CHa 

COOH|/^i 

oh'v^ Joh 

A. G. P. 

ORTHITE, or Allanite. A complex rare- 
earth silicate belonging to the epidote group of 
minerals, and sojnetimes knoAvn as cerium- 
epidoto. The ■ 6 ■’ ir 11’ ; is TrR,"R3"'Si30„, 

Avhoro It ' -.M, Ee, Ce, La, 

Di, Y, The extreme values in the analyses 


tabulated by Dana are: 8102, 29-3-34-6; 
ThOg, trace-3-6; AhO^, 6-3-22-9; EeoOs, 
1-6-21-2; CeaOa, 1-3-33-7; DLO3, 2-9-24-0 ; 
LaoOs, 0-2-8-1 ; YgO^, 0-3-4 -2 ; EraOs, 0-2-0 ; 
Hjb, 0-3-14-6; also small amounts of man- 
ganous oxide, magnesia, and alkalis. Sp.gr. 
3-5-4-2. The mineral crystallises in the mono- 
clinic system, and has either a tabular or a long- 
prismatic habit. Compact masses and grains 
are also common. It is black or dark brown, 
opaque, and Avith a pitchy lustre on the_ bright 
sub-conchoidal fracture. On the exterior the 
material often presents a dull weathered appear- 
ance, the slender prismatic crystals looking 
rather like rusty nails. Tabular crystals from 
Greenland Avere described by T. Allan in 1808, 
and named allanite by T. Thomson in 1810. 
The later name orthite (from dpBiis, straight) 
was given by J. J. Berzelius in 1818 to long 
pri,smatic crystals from Pinbo in SAveden. 
OAving to difficulties of determination and to 
differences in composition and degree of hydra- 
tion, several other minerals, now recognised as 
varieties of allanite, have been described as 
distinct species under special names. As an 
acccvssory constituent of crystalline rocks (gneiss, 
granite, andesite, &c.), aUanite is not of un- 
common occurrence in small amounts. It is 
well kno^vn in the granite at Criffel and several 
other places in Scotland, and in a qiiartz vem 
traversing granophyre in Merionethshire, It is 
found in some abundance in the felspar quarries 
of Sweden and Norway, and as largo masses in 
gneiss at several American localities. Masses 
Aveighing over 300 pounds have been found at 
Barringer Hill in Llano Co., Texas, Avhero, 
together Affith gadolinite, &c., it has been 
quarried for the supply of rare earths used in 
incandescent gas-lighting. L. J. S, 

ORTHOCLASE. Potash felspar v. Eelsbab. 

ORTHOFORM v. Salioylio acib. 

ORTOL. Trade name for a mixture of 
methyl-o-amidophenol and hydroquinone. Used 
as a photographic developer. 

OSAZONES. A term given by E. Eischer to 
compoiind.s of phenyl hydrazine with the sugars 
(v. 'irY-DUAZ0.s-E.s arid Cabbohydbates). 

OSMIRIDIUM V. Platinum metals. 

OSMITOPSIS, OIL OF. Osmitopsis asteris- 
coidcs (Cass.), an aromatic plant of the_ order 
of Compositce, groAAung in South Africa, yields a 
greonish-yelloAV oil of a burning taste and aro- 
matic smell. Appears to be isomeric Avith 
borneol and oil of cajeput. 

OSMIUM. Sym. Os. At.AVt. 190-9. 

This metal occurs in native platinum {v. 
Platinum), and especially in osmiridram_. It 
differs from the other metals of tho_ platinum 
group in forming a volatile tetroxide OSO4, 
upon the irroduotion of Avhich the separation of 
osmium from the other platinum metals, and 
especially from ruthenium, depends. 

The osmiridium treated as described under 
Tbidium {v. also infra) yields the osmium in the 
form of thi.s tetroxide, which may bo reduced 
in hydrochloric acid solution by zinc or mer- 
cury (Berzelius, Ann. Chim. Phys. 1829, [ii.] 
40, 268); with an aUialine formate ; with hydro- 
gen ; a mixture of carbon mon- and dioxides or 
Avith carbon. In the latter case, the metal is 
obtained in a crystalline form, whilst by the 
other methods it is precipitated as a bluish 
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powder (Docbcrciner, Annalen, 1835, 14, 17 ; 
JJeviUe and Debray, Compt. rend. 1876, 82, 
1077). 

The metal has also been obtained by the 
reduction of its ammoniacal or sulphur com- 
pounds (Berzelius, lx. ; 1829, [ii.] 42, 191 ; 
ifremy, ibid. 1855, [iii.] 44, 387 ; Schneider, 
Annaion, 1867, Suppl. 5, 261). 

Osmium has a sp.gr. of 22-48 (Joly) (its 
sp.gr., however, depends on its state of division) ; 
and melts at between 2300“ and 2500°. It 
volatilises in the electric furnace, but less readily 
than the other platinum metals, so that it 
possesses special interest as being the least 
fusible and probably the least volatile metal 
and as the heaviest Imown substance, qualities 
vdiich, in conjunction with its 
oxidation, and the peculiar natr " 
oxide, distinguish it from the other platinum 
metals or indeed from all other known metals. 

When heated osmium combines directly 
with fluorine, chlorine, sulphur, and with 
phosphorus. It is not attacked by hydrochloric 
acid unless the latter contains oxygon (Matignon, 
Compt. rend. 1903, 137, 1051). 

Although osmium, when obtained in a finely 
divided state by treatment of an alloy with a 
solvent which removes the other metal, is 
easily oxidised or dissolved, it is much more 
refractory after ignition in an inert atmosphere, 
and is test rendered soluble by fusion with 
peroxides or with a mixture of caustic alkali 
and nitre. 

On account of its infusibility, it has been 
employed for the manufacture of clcctrio-light 
filaments, but by reason of its high cost and the 
extremely small supx)ly, its use has been 
abandoned in favour of tantalum filaments or 
of the ‘ osram ’ filaments, which are made of 
tungsten wire and do not contain osmium as 
the name might imply. 

It is stated by W. 0. Horaeus, that 1 part 
of osmium will replace 2J parts of iridium for 
hardening jdatinum, and that the improvement 
in elasticity is still greater. Drom 1 to 20 p.c. 
of osmium ' is recommended, the alloy being 
made in the absence of oxidising gases, and the 
presence of iron and copper being carefully 
avoided. The alloy has been patented (Eng. 
Pat. 29723, 1910). 

None of the osmium compounds is of 
technological interest, excepting the tetroxide 
and the osmates, as forming steps in the pre- 
paration of the metal, and (as ■ ' 

on account of a limited, use ■ ■ ! ■ ■ ■ 

staining pathological specimens. ijoiiouiai 
osmium has been obtained by the reduction of 
its salts with hydrazine hydrate (Castoro, 
Zeitsch. anorg. Ohem. 1904, 41, 131 ; Gutbior 
and Hofmeier, J. pr. Chem. 1905, [ii.] 71, 452). 

CoMPOtTHDS OP Osmium. 

Oxides. Osmium monoxide OsO is a greyish- 
black powder formed when the corresponding 
sulphite is ignited with sodium carbonate in a 
current of carbon dioxide. 

Osmium sesquioxide Os.Ug is obtained 
similarly as a black powder, or in copper-red 
scales by the reduction of the tetroxide. A 
corresponding brownish-red hydroxide is pre- 
cipitated by the addition of alkalis to allcali 
osmochlorides. 


Osmium dioxide OsOj is obtained similarly, 
and like the foregoing oxides, is feebly basic. 
It is bluish-black, but when prepared by 
heating its hydroxide in a current of carbon 
dioxide, it forms masses having a copper lustre. 
In absence of air it is very stable, but when 
mixed with combustible bodies it deflagrates on 
heating. Dried hydrated osmium dioxide has 
the composition 0 s 02 , 2 I-l 20 , and is gradually 
oxidised in air to the tetroxide (Ruff and 
Bornemann, Zeitsch. anorg. Ohem. 1910, 65, 
429). 

Osmium tetroxide OsO^, sometimes errone- 
ously termed osmio acid, is prepared by heating 
finely-divided osmium in air or steam, or by 
dissolving it or the lower oxides in aqua reqia. 
It may also bo formed by fusing the metal with 
potassium hydroxide and nitrate : the mass is 
dissolved in water, precipitated with alcohol, 
and oxidised with chromic acid in a current of 
oxygen. The pure tetroxide so formed, when 
treated with potassium hydroxide, forms potas- 

' T\ O ^,2Hi, 0 (Ruff and Bornemann, 

.... '"■ ■■ . ■ oxide forms glistening needles, 

which sublime readily, and give a colourless 
solution in water, possessing a caustic taste, 
and turned yellow by sulphur dioxide, then 
brown, green, and finally indigo-blue. When 
fused it boils at 100°, emitting a vapour of 
a powerful penetrating smeU which attacks 
the lungs and eyes, and produces inflammation 
of the mucous membrane. The tetroxide also 
acts violently on the skin, causing painful 
wounds (Doville and Debray, Ann. Ohim. Phys. 
1859, [iii.] 56, 400; Compt. rend. 1874, 78, 
1609). It is readily reduced to the lower oxides. 

Osmium trioxide OsOs is unknown, but the 
corresponding osmic acid I-TaOsO^ is formed, 
according to Moraht and Wischin (Zeitsch. 
anorg. Chem. 1893, 3, 153), by treating the 
potassium salt with nitric acid. Ruff and 
Bornemann (l.c.) state, however, that they 
could not obtain it. A number of its salts, the 
osmates, are Icnown. 

Halides. Osmium dichloride OsClj, a dark 
brown insoluble powder, may be formed by 
heating the trichloride at 500° under pressure, 
and cooling the vapour at —60° ; or in small 
quantity by heating the metal in chlorine. 

Osmium trichloride OsCls is formed when 
ammonium osmichloride is heated at 350° in 
chlorine (Ruff and Bornemann ; see also 
Moraht and Wischin, l.c.). It is readily soluble 
in water and gives rise to the double salts 
Icnown as the osmochlorides or cMorosmites 
MaOsClfl. 

Osmium tetrachloride OsCl^ is prepared by 
heating osmium in a slow current of chlorine, at 
650°-700°, the issuing vapours being cooled 
in a tube wrapped in asbestos. It forms black 
metallic crusts, volatilises in a vacuum to a 
yellow vapour, and is slowly decomposed by 
water with formation of the dioxide and hydro- 
chloric acid. It gives the series of salts known 
as the osmicMorides or chlorosmates MjOsCla 
(Gutbior and Maisch, Ber. 1909, 42, 4239). ^or 
certain derivatives of these and other siihilar 
compounds, see Rosenheim and Sasserath, 
Zeitsch. anorg. Chem. 1899, 21, 122; Wintre- 
bert, Ann. Chim. Phys. 1903, [vii.] 2§, 15. 

Osmium bromides and iodides are also 
known. 
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lodo-osmous acid IiOs-2HI is formod when 
nascent hvdro"cn iodide reacts with an osmium 
compound. Its solution possesses a fine emerald- 
preen colour, which rapidly turns red on exposure 
to air. hut its salts are more stable and form 
permanent areen solutions. This reaction may 
he employed as a test for osmium compounds 
and also for iodides in the presence of chlorides 
and bromides (Alvarez, Compt. rend. 1905, 140, 
1254 ; Orloff, Ghera. Zeit. 1907, 31, 1063). 

Osmium tetrasulphide O3S.1 is an insoluble 
brown substance formed by passing sulphuretted 
hvdroaen into a solution of the oxide. 

Osmium sulphite OsSOj and numerous 
complex sulphites have been prepared (Rosen- 
heim and Sasserath, lx. ; Rosenheim, ibid. 
1900, 24, 420). Osmium forms complex doriva- 
tive.s with ammonia and also an acid OsNOgH, 
termed osmianiic acid, a number of the salts of 
w'hicli have been prepared (V’’- ■ - — 

Ber. 1901, 34, 269S ; ibid. : , 
the action of acids on the osinia mates, nitrilo 
compounds of osmium are formed (Brizard, 
Ann. Ghim. Phys. 1900, [vii.] 21, 311 ; Werner 
and Dinldage, l.c.). 

Osmium^ nitrite 0s(N02)3 and complex 
nitrites and nitroso derivatives are also known 
(Wintrebert, l.c. ; and Compt. rend. 1905, 140, 
585). Osmium also forms a series of osmo- 
rt/nnides very similar to the ferroeyanides. 
Osmium oxalates have been prepared by 'Wintre- 
bert (ibid. 1900, 131, 264). Z. K. 

OSMOSIS V . SoLUTiojr. 

OSONES V . CAebohydrates. 

OSTEOLITE, Oalcium orflmliospliate, 
Ca3(PO,,)a i\ Calcium. 

OTTO'OF ROSES v. Oils, essbrtul. 

OUABAi'O. The poison of the Somalis. 
Along tlie_ whole of the west coast of Africa, 
especially in the country of the Somalis, occurs 
a tree tised by the natives for the preparation of 
their arrow-poison, and called by them Ouabaio. 
Its wood is yellowish- white, very hard and dense, 
odourless, but posse.ssing a strong bitter taste. 
Arnaud has isolated from it (J. Soc. Chem. Ind 
1889, 211; ISSS, 580) ouabaU, C30H43O1.,,’ 
which has a physiological action similar to that 
of stropliantliin, but which is twice as toxic, 
the poisonous dose being about 0-2 mgrm. per 
kilo, of body -weight (ibid. 1888, 765)— Cathe- 
Inieau, J. Pharm. Chem. 1889, 436; J. Soc. 
Ghem. Ind. 1890, 101. Ouabain is also’ obtained 
from StropJianthns glaber, by extracting the 
seeds, from which the oil has been removed by 
pressure between filter paper, by shaking with 
alcohol for^ several days at a temperature not 
exceeding 60“. The extract is distilled and the 
syrupy re.sidue is taken up with water at 50° 
iilterea, evaporated in a drv vacuum and re- 

iIao (A rnaud, Compt. rend. 
Jlbbb, lU/. 1102). 

The crystals obtained bv extracting Stro- 
phantJius grains (BaiU.), rvith 96 p.e. alcohol also 
seem i^ntreal with ouabain (Thoms, Chem. 
Zeytr. 1904, I. 1277). 

fornis pearly glistening plates, m.p. 
18.J -188 , and yields a crystalline hydrate with 
.) inoleciilcs of water at ordinary temperature, wit h 
4 moleeiiljjs at 30° and vdth 3 molecules at 60° 

1 he rotatgry_.power of a 1 p.e. aqueous solu- 
tion of ouabain is r«]D-30-0°. Ouabain is very 1 1 


L sparingly soluble in ether, absolute alcohol, and 
i ill chloroform; 100 c.c. of water dissolves 1-57 
• grams ouabain at 30° ; 0-93 grams at 14-5° and 
s 0'66 grams at 8°. 

I It is readily hydrolysed by dilute acids thus : 

Ci!QM480j2 + H20 = C3H3 203-l-C2.iH330f„ 

I forming rhamnose and a red resin wliich is 
probably formed by the polymerisation of the 
second product of hydrolysis (Arnaud, (biiipt. 
rend. 1898, 126, 346, 1208). ^Vhen dried, the resin 
loses 4HaO and forms Alkalis do 

not attack ouabain in the cold, but by forming 
soluble salts they increase its solubility in Avater 
and il ' ' ■ ■ . fused with potash or 

soda, _ ^ at 220°-240° forming 

oxalic acid, a resin and carbon dioxide (Arnaud. 
l.c. 1280). 

With bromine, ouabain gives an amorphous 
derivative containing 60 p.e. of halogen. 

Heated with an excess of acetic anhydride 
at 30°-70°, ouabain fornis the hepiaediu. 
G. H. 0. m.p. 270°-275° (Arnaud, 

■ when ouabain is heated Avitli 

acetic anhydride and zinc eldorido at 70° and 
the cooled product poured into 5-0 times its 
bulk of water, it forms an 
P W p tn xs r\\ ^ ., i,j ; ■ ^ 

' (in alcoholic solution). \in 
pponification, this acetin yields an acid which 
is similar to, but not identical Avith, ouabaic acid 
(Arnaud, l.c. 1654). 

Concentrated nitric acid completely oxidises 
ouabain even in the cold, forming oxalic acid, 
carbon _ dioxide and insoluble amorphous nitro 
derivatives. _ With more dilute acid (sp.gr. 1-2), 
no oxa,Iicacid is formed and insoluble crystalline 
nitro derivatives arc produced. 

The di-nilw derivative, is 

formed at 40°-75° and crystallises from" acetone 
in yeUoAvish silky needles, m.p. 300° (decornp.). 
it acts as a dibasic acid and yields crystalline 
salts. The potassium and sodium salts form 
orange-red aqueous solutions, the ammonium 
salt crystallises in golden yelloAV needles, fi’he 
mononitro derivative is obtained 

at 15 or below. It forms yelloAv anhydrous 
crystals, m.p. 280° (decomp.) and also yiedds 
alkali and ammonium salts. These nitro- 
derivatives are regarded as derived from the 
compound C24H3e08 Avhic’' ' ■ . ’ ’ the 

hydrolysis of the ouabain ' ■ . , - "Jp 

Ouabaic acid CgjH.jfjOjg is obtained by 
heating a dilute aqueous solution of ouabain in 
a sealed tube at 180°, or better, by heating 1 part 
of crystalline ouabain with 3 parts of strontium 
P of water' for 12 hours at 
T -I of Avith carbon 

dioxide, hlte”-'h ■ ’ • ,^^0110 mid 

poured, little .... volume of 

absolute alcohol. 

.altisdissolvS in- . . 

sulphuric acid; it is then filtered; and the 
liquid evaporated in vacuo. It is an amorphous, 
yelloAV-Ayhite substance, m.p. 235° (docomp.) 
resemblmg gum in appearance, very soluble^in 
water and in alcohol, but insoluble in ether. It 

nil decomposes the alkali 

and alkaline earth carbonates, forming the 
corresponding metallic salts. The barinni salt, 

Ba CggHg Oig), has [«]^;’-4r,-40° in aqueous 
solution (Arnaud, l.c. 1280). 
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According to Faust (Cliem. Zenti-. J902, ii. 
1217), acocanthcrin, isolated from Acolcanthem 
abysninica (K. Sclium.), is homologous with 
ouabain, being, possibly, the dimethyl derivative. 
For the phy.siologicial and therapeutic action of 
(juabain v. Hatcher and Brody, Amer. J. Pharm. 
82, 3G0 ; Muller, Zoit.sch. Allgera. Oaterr. Apoth. 
Ver. 1908, 46, 319, 331. 

OUTREMER. UUramurine (q.v.) ; also Pig- 
ments. 

OVARIA SICC., OVARINUM, OVARADEN, 
OVADIN V . Synthetic drugs. 

OXALIC ACID ChH^Oi, or COOH 

CJOOH 

This acid oecuns as the acid potassium salt 
in vvood-sorrel, garden rhubarb, and many other 
plants. As calcium oxalate, it occurs in many 
lichens and in certain urinary calculi, and in the 
free state is found in Fames (Polypoms) icjniarius, 
in beet leaves, and in the juice of the chick pea. 
It is one of the constituents of the ‘ organic 
non-sugar ’ in the saccharine products from beet- 
roots, and to about 2 p.c. in ‘ saturation mud ’ of 
sugar refineries. It is also produced in the 
oxidation of ' ’ a large number of 

bacilli (Zopf, - ■■ '. Ind. 1900, 386; 

Banning, ibid. 1901, 1151); and also by the 
action of many fungi and yeasts (Lindner, ibid. 
1907, 628). 

It is obtained as an alkaline salt when an 
alkaline formate is gently heated, and as the 
ammonium salt when an aqueous solution of 
cyanogen is kept for some time. The sodium salt 
is produced by pas.sing carbon dioxide over 
sodium heated to 360°. The free acid is one of 
the principal products of the action of nitric 
acid and other oxidising agents on organic 
matter. 

Preparation. — ^Moissan has synthesised potas- 
sium oxalate by the direct union of carbon 
dioxide and potassium hydroxide at 80°-200° in 
accordance with the equation — 

2KOH4-2COa=K2C204+Pl2 
(Compt. rend. 140, 1209). Ii: ” ‘ 

oxalic acid may be obtained by . _ 

8 parts of nitric acid of sp.gr. ■■■' 
white sugar or starch, heating the mixture to 
boiling, and evaporating to about one-sixth the 
original bulk. The crystals obtained on cooling 
are recrystallised. If stronger acid be used the 
action is liable to become unmanageable. 

This process was formerly employed on the 
manufacturing scale but has since been super 
seded by other processes ; although poR.sibly 
the discovery of Naumann, Moeser, and Linden- 
baum (D. R. PP. 183022,208999) that vanadium 
pentoxide to the extent of 0-001 to 0-002 gram 
per gram of sugar greatly facilitates the i-eaction, 
may give it a new lease of life. By this means, 
the reaction proceeds at the ordinary tempera- 
ture, higher yields of oxalic acid are obtained, 
and no intermediate products result. 

The first process to replace it was the well- 
known one in which sawdust is heated with 
caustic alkalis. Starch, straw, bran, and other 
vegetable matters may be similarly treated, but 
the be.st results are obtained with sawdust ; fir, 
pine, poplar, and other soft woods, giving better- 
result,? than hard woods, such as oak and beech. 
In order to obtain a finer product, the sawdust 1 


is sometimes treated with an alkaline lye to 
remove resinous and like bodies before fusion.l 

This process has received many modifications, 
the chief one being the addition of some oxidising 
agent. An improvement is patented by Plator- 
Syberg (Eng. Pat. 23682, 1893). The material 
ric’ ' " ■ ’ T - ' • ; _ especially wood and moss, 
is ■ ■ - caustic alkalis and then 

heated in iiresence of an oxidi.sing agent. Hot 
air, or a mixture of steam and hot air, may 
conveniently be used as the oxidising agent. 
Acetate.s and oxalates are formed, the relative 
proportion of each depending on the temperature 
employed. By working at about 120°, acetic 
acid and a very small quantity of oxalic acid arc 
formed. On raising the temperature to about 
300° and increasing the quantity of hot air, the 
formation of acetic acid almost entirely ceases, 
whilst oxalic acid is formed in large quantity. 
Pulp suitable for pajier making is obtained as a 

of Plater-Syberg’s process is 
that of Zacher (Eng. Pat. 2308, 1897), in which 
the oxidising material is sodium peroxide or 
hydrogen peroxide and the heating i.s carried 
out in a vacuum. Sawdust or other cellulose 
material is placed in a steam-jacketed vessel 
which is exhausted. The contents are then 
slowly raised to about 70° to deprive the saw- 
dust of moisture and air. Hot alkali lye is then 
admitted with continued stirring and the 
vacuum kept constant until a temperature not 
exceeding 180° is reached. Towards the end 
of the process, an oxidising agent such as sodium 
peroxide, hydrogen peroxide, or air enriched 
with oxygen i.s admitted. The finished product 
is dissolved in water in the same ves.sel, and the 
solution forced into an open stirring cylinder, in 
w'hich it is thinned and treated with lime. The 
calcium oxalate obtained, practically free from 
carbonate, is decomposed by sulphuric acid. It 
is stated that a good white oxalic acid is produced 
by this process with one recrystallisation [v. 
also D. R. P. 103856). 

Another method is to oxidise the cellulose- 
containing materials, in solution of caustic soda 
or potash of .sp.gr. 1-04 to 1-1, with perman- 
ganates or manganates. The yields arc better 
than those obtained by beating with caustic 
potash alone and a much lower temperature is 
required (Droste, I). R. P. 199583). 

Oxalates are also produced together with 
other products by the process of Cros.s and Young 
(Engo Pat. 28077, 1902). A nitrate or mixture 
of nitrates is mixed with a carbohydrate of the 
sugar type, an alkali oi- allcaline earth, and a 
little water, and the mass is gradually heated — 
ultimately to ]50°-170°. The main products 
in this case are cyanide and oxalate. The 
addition of iron to the mixture produces an 
excess of cyanide, and thfe addition of sulphur, 
or a sulphur compound, a thiocyanate. Am- 
monia is evolved during the process. 

A process for the preparation of oxalic 
acid and cellulose (Lifschutz, Eng. Pat. 1824, 
1891) consists in treating wood, jute, st^aw, 
and similar materials with a mixture of 
dilute nitric ami sulphuric acids. The brown 
vapours evolved, conHi.sting of NO, NOj and 
NoO^, arc reconverted into nitric .^acid. The 
acid liquid is used for othm’ operations, the 
temjierature being gradually increased as the 
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nitric acid becomes exhausted. When this 1 
occurs the oxalic acid is crystallised out by 
cooling. The ligneous material after the action ] 
of the nitric acid is converted into cellulose by ; 
treatment with a weak alkaline solution. 

A completely different method is that of 
Goldschmidt (Eng. Pat. 26172, 1897). Sodium 
formate is prepared by the patentee’s method 
of heating sodium carbonate under pressure in 
a current of carbon monoxide (Eng. Pat. 
17066; 1895). 4 parts of crystallised sodium 
formate are then intimately mixed with 5 parts 
of anhydrous sodium carbonate and rapidly 
heated in a molten lead bath at 400°-410°. Air 
is preferably excluded and the hydrogen evolved 

is collected, ’’f" ■ ■ i- hows 

the equation !■ . The 

sodium oarbo ^ ! out 

with water al . , ■ u ■ ' ■ ' • ■ ■ 

An improvement on Goldschmidt’s method 
is patented by Wiens who heats formates with 
previously produced oxalates, in place of sodium 
carbonate, at 360°-410° (TJ. S. Pat. 714347, 
1902). Koepp and Co. heat the formates with 
small quantities (less than 5 p.c.) of alkali 
hydroxide. The mixture rapidly melts, hydro- 
gen is evolved at about 290° and the reaction is 
complete at 360°, occupying about half an hour 
in all (Pr. Pat. 331498, 1903 ; U. S. Pat. 748791, 
1904; Eng. Pat. 9327, 1903). 

Eeldkamp (U.S. Pat. 802980, 1905) simplifies 
the .sodium formate method of manufacturing 
oxalates by heating caustic soda in a current of 
carbon monoxide and dioxide (water gas or 
producer gas). The resulting mixture of sodium 
formate and carbonate is afterwards heated to 
a higher temperature until the evolution of 
hydrogen ceases, and a mixture of oxalate and 
carbonate is produced. The caustic alkali is 
then regenerated by the addition of slaked lime 
and precipitated calcium carbonate and oxalate 
deoompc also Er. Pat. 

35878.5, . ■ 1905). 

The ■ ! : ■ ' ■ of Bittorfeld 

find that oxalates are speedily and evenly pro- 
duced from formates by heating in a partial 
vacuum to a temperature ’ ’ ' P""". ■ 

about 280°. Processes ■ , ■ 

with sodium carbonate or oxalate are improved 
by working in a vacuum, but the best re, suits 
are obtained by heating the formate alone (Eng. 
Pat. 19943, i907; Er. Pat, 381245, 1907; 
D. R. P. 204S95). 

Materials containing cellulose, such as peat, 
vinasses, sawdust, can be made to yield oxalic 
acid by treatment with caustic soda or potash 
in the presence of lime, nitrates, metallic oxides, 
and air between 170°-190° (Effront, Er. Pat. 
373167, 1906). 

Hempel’s process consists in heating caustic 
soda and carbonate of soda or analogous sub- 
stances with carbon monoxide under pressure. 
At 200°-3B0°, formates are produced, and at 
higher temperatures up to 420°, oxalates. 
Oxalates are also produced by heating formates 
with or without the addition of indifferent sub- 
.stances at 200°-420° under pressure (Er. Pat. 
389039, 1908; Eng. Pat. 3429, 1908; 4897, 
1908 ; 3904, 1908), 

Oxalic ^acid. i,s usually ol)tained from the 
oxalates resulijing from these procc.sses by di.s- 
.solving them in water and precipitating as 


calcium oxalate, which is filtered off, washed, 
and decomposed with sulphuric acid. The 
solution is then filtered, evaporated, and allowed 
to crystallise. Other methods are used to some 
extent. McDougall and McDougaU obtain 
oxalic acid by first preparing the potassium salt, 
adding a suitable sulphate (e.g. aluminium sul- 
phate), and sulphuric acid, and separating the 
resulting alum by cry.stallisation, adding alcohol 
if necessary (Eng. Pat. 17971, 1907). 

Another method is to add hydrofluoric acid, 
which precipitates the alum as artificial cryolite, 
NagAlEg (G. Miith, D. R. P. 214040).’ The 
crude acid is usually somewhat dirty from ad- 
herent mother-liquor. It is separated there- 
from by a centrifugal cleanser, washed with a 
minimum quantity of cold water, and re- 
crystaUised. 

The acid cannot he purified from oxalates by 
ordinary recrystallisation, but requires to be 
crystallised from hydrochloric acid of 10 to 16 
p.c., which retains the bases as chlorides. A 
second crystallisation removes the acid. The 
pure acid may also be prepared by sublimation 
as described below, or by decomposing the methyl 
or ethyl ester with water. 

For the preparation of pure oxalic acid, 
Schmatolla recommends crystallisation from 
absolute alcohol containing a drop or two of 
sulphuric acid, followed by crystallisation from 
water, the solution being allowed to stand for 
several hours in both cases. The crystals are 
then dried at 30°-40°, and finally over calcium 
chloride ( J. Soc. Chem. Ind. 1901, 496). Riechel- 
mann prefers to crystallise once from ether and 
once from water (Chem. Soc. Abstr. 1898, i. 
239). 

Properties . — Oxalic acid crystallises in large 
transparent monoclinic prisms of sp.gr. 1’641 at 
4° (Joule and Playfair), containing two molecules 
of water. 

In an atmosphere dried by sulphuric acid, it 
gradually loses its water. The water is also 
gradually evolved and the crystals become 
opaque when heated at 60° or 70°. As the 
crystals melt in their water of crystallisation at 
98°, and are then somewhat difficult to desic- 
cate, it is advisable to dry the crystals at the 
lower temperatures. Saturated solutions of oxa- 
lic acid lose acid even on the water-bath. The 
anhydrous acid (dried as above) may be vola- 
tilised at 157°, and be thus obtained -in pure 
white needles. The temperature should not he 
affowed to exceed 157°, as considerable decom- 
position ensues and an inferior product is ob- 
tained at 160°. 

When oxalic acid is dissolved in 12 parts of 
warzn concentrated sulphuric acid, the solu- 
tion gradually deposits glistening rhombic pyra- 
mids of the anhydrous acid, which rapidly 
absorb two molecules of water and faU to 
powder. 

Oxalic acid dissolves readily in water and in 
2.J parts of cold alcohol. It is also slightly 
soluble in ether, but is insoluble in chloroform, 
benzene, and petroleum spirit. 

The following table gives the solubility of 
oxalic acid in water as averaged by SeideH from 
the results of Alluard ; Miezynski (Monatsh. 
1886, 7, 258); Henry (Gompt. rend. 99, 1157); 
Lamouroux {ihid. 128, 998) ; and, at 25°, of Eoote 
and Andrew (Amer. Chem. J. 1905, 154) : — 
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GrmR.(COOH)„ GmR.(COOH), 

porlO Ogrms. “ per lOO gnus. 

i° H^O ~ Solution t° H.,0 S^ioii 

0 3-45 3-33 40 21-15 17-4() 

10 5-55 6-26 50 31-53 23-97 

20 8-78 8-07 60 45-55 31-37 

25 11-36 10-21 70 63-82 38-95 

30 13-77 11-91 

Oxalic acid ia a x^owerful reducing agent. 
The aqueous solution is oxidised at the ordinary 
temperature in presence of peroxides of lead and 
manganese. It precipitates gold from solu- 
tion of the chloride, and, in sunlight, similarly 
reduces platinum chloride. In presence of sul- 
phuric acid it is oxidised by potassium perman- 
ganate with production of carbon dioxide and 
manganese and potassium sulphates. Oxalic 
acid is not acted on by sulphuric acid at the 

ordina" ; ' ! ' —hen heated with the 

strong ■ . . - . - . into carbon mon- 
oxide , , arhening the acid. 

Phosphoric acid and phosphorus penta- and tri- 
chloride also cause the evolution of these gases. 
Chlorine is without action on the anhydrous 
acid, but in presence of water it is reduced to 

1 ‘I . evolution of carbon 

-' . i . ; : - and chlorides of easily 

reducible metals, such as gold and platinum, 
have a similar action j bromine water slowly 
oxidises oxalic acid to carbon dioxide and 
hydrobromic acid. 

When exposed to bright light, oxalic acid 
solutions are decomposed, yielding carbon 
dioxide and water (Douns and Blunt. Proc. Eoy. 
Soc. 28, 209) ; by oxidation with nitric acid of 
sp.gr. 1-4 and upwards, oxalic acid is com- 
pletely decomposed into these products. Ac- 
cording to Richardson (Chem. Soc. Trans. 1894, 
452), hydrogen peroxide acts similarly (c/. 
however, Jorissen and ReicMer, Chem. Zentr. 
1904, i. 81) ; the reaction is greatly accelerated 
by metals (0. Sulc. ibid. 1899, i. 1150). Certain 
substances have the property 

:1 -£ acid ■ - ; 

, ■ ■ , ■ ■ , ‘ . byCer ■ 

Ind. 1891, 25), and an examination of a number 
of substances has been made by Jorissen and 
Reiohler (Chem. Zentr. 1904, i. 359). Oxalic 
acid is reduced by nascent hydrogen to glycoUic 
acid. 

Solutionsof ' 
phosphates, chi 

When heated with sodium or calcium chloride, 
the powdered acid liberates hydrochloric acid. 
Potassium and sodium, when heated with the 
dry acid, cause an evolution of hydrogen with 
production of a carbonate, the temperature rising 
to incandescence. 

When heated with glycerol between 70° and 
90°, oxalic acid is converted into formic acid 
with evolution of carbon dioxide. 

The commercial acid and alkaline oxalates 
frequently contain organic matters which cause 
charring when heated alone or with sulphuric 
acid. Sulphates ■ ” ■ ■ mt, and lead 

and other heavy ■ . ■ , occur. Allen 

has found as muc . -ad oxide in a 

sample of the acid. 

Oxalic acid is largely used as a ‘ discharge ’ 
in caHoo-printing and dyeing, and for bleaching 
flax and straw. In dyeing it is used as a 
substitute for cream of tartar, on account of its 

9i3 


cheapness. In the procc,ss of ‘ chroming ’ wool, 
its utility lies in its power of forming double 
salts and in its reducing jiropcrties (Korner, J. 
Soc. Chem. Ind. 1895, 1044). Its property of 
accelerating the action of chromic acid on indigo 
is probably due to the formation of a chromium 
compound of oxalic acid with strong oxidising 
properties (Prud’homme, ibid. 1903, 359, 491 ; 
V. also Qeorgevics, ibid. 947). The function of 
oxalic acid in the ■ I' '’ ■ ■ ■ ’ . ■ 

also been studied . ' . ■ ■ ■. ' 

1893, 758) j ' q - . 

[ibid. 1902, 1276); and Jorissen and Reicher 
{ibid. 1903, 623). Werner (Chem. Soc. Trans. 
1904, 1388) finds that by the action of chromic 
acid on oxalic acid, an acid chromic oxalate, 
HgCr 2 (C. 204 ),., ia produced, and his results are 
confirmed by Jorissen and Reicher (Chem. 
Zentr. 1904, i. 81). It is also employed for- 
whitening leather, for making formic acid and ' 
its esters, and for removing ink or iron stains 
from fabrics, marble, &c. A solution of 
Prussian blue in oxalic acid is employed as a 
blue ink. Oxalic acid forms a constituent of 
several dyes. George vies has prepared a dye- 
stuff which is yellow in colour, by heating 
resorcinol with oxalic acid at 160° (J. See. Chem. 
Ind. 1898, 837). It has great cleansing power 
for brass and other metal, and even for wood- 
work, and forms a constituent of at least one 
soap composition for cleaning metals, &c. 

Detection and Estimation, — Solutions of cal- 
cium salts, oven of " ■ v precipitates 
of calcium oxalate, ■ solutions of 

oxalates, soluble in mineral acids but not in 
acetic acid. Preo oxalic acid is precipitated by 
lime water and calcium acetate, but it is better 
to render the solution alkaline by ammonia and 
acidify with acetic acid before testing. Pure 
oxalic acid and oxalates do not char when heated 
alone or with concentrated sulphuric acid. It 
decolori.-e- pevri'-r,!'. on warming. Silver 

nitrate re' v. no ,itral solutions a white 

crystalline precipitate of silver oxalate which is 
very explosive when dry. 

jp-,. . J..-,. .. J 1 . solu- 
tion, ■ ■ I acids, or neutralised with 

ammonia and then acidified with acetic acid, 
is precipitated with calcium chloride or acetate, 
or, when sulphates are present, with calcium 
sulphate. For the estimation in presence of 
interfering substances, reference must be made 
to standard works on analysis. After standing 
for 12 hours, the precipitate is filtered off and 
dried, and is ignited at a dull, scarcely visible 
red heat to convert it into carbonate. A little 
saturated solution of ammonium carbonate is 
then added to reconvert into carbonate any of 
the substance which may have become causti- 
cised, and the mass is dried and heated suffi- 
ciently to remove the whole of the ammonium 
salt. When i - ' .’oes not exceed a 

gram, it is ; ■ : ■ . at a bright-rod 

heat over the blow-pipe and weighed as oxide. 
The, ignited precipitate may also bo titrated 
with standard acid. 

Another excellent method consists in dissolv- 
ing the moist ' ■. '■’ute sulphuric acid 

and titrating : . ■ — 

J...,, , ,, .. . ^ 

oxidisablo substances are absent. " , 
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Another alternative is to add dilute sul- 
pirurie avid to the jjrecipitate in the crucible in 
suflicient quantity to convert it into calcium 
svdphate, and subsequently to ignite and weigh 
as calcium .sulphate. 

Hydrocliloric acid is generally held to inter- 
fere with the volunretrie e.stimation of oxalic 
acid, but according to Baxter and Zanetti (Amer. 
Chom. J. 1905, 500) oxalic acid may be esti- 
mated in the pre.sence of hydrocliloric acid with 

accuracy by titration w‘'’‘ ■ 

the initial temperature of 
70° and the permanganate is run in slowly. The 
concentration of the hydrocliloric acid should 
not exceed 20 c.c. chliite acid (sp.gr. 1-04) to 
150 c.c. oxalic solution, containing not more 
than 0-3 gram crystallised oxalic acid. Gooch 
and Peters recommend the addition of a man- 
ganese salt (Zeitsch. anorg. Chem. 21, 185). 
Oxalic acid is occasionally an impurity in hydro- 
gen peroxide in wliich it may be detected and 
estimated by nearly neutralising, adding am- 
monium acetate and subsequently calcium 
acetate, and treating the calcium oxalate by 
any of the well-known methods (Roche, J. Soc. 
Chem. Ind. 1902, 190). Oxalic acid may be 
estimated in acid beet leaves by the method of 
Schlosing (Biilow, ibid. 1900, 383). The 
methods of determination in diffusion .sugar 
juice are reviewed by Andrelik and Stanik vlbid. 
1900, 178). 

Oxalates. 

Tliis extensive series of salts includes both 
normal, acid, and double oxalates, and a class 
of acid salts known as quadroxalates, and ap- 
parentlj'- produced by the combination of one 
molecule of oxalic acid with one molecule of 
an acid oxalate. All oxalates decompo.se on 
heating, the alkaline salts forming carbonates. 
Only a limited number of oxalates are of techni- 
cal importance. 

Potassium oxalate C„O.K .211,0 - 

in monoclinic prisms or py>,; : re 

in water. The acid scilt CaO^HK is found in 
rhubarb, sorrel, and other plants. It occurs 
either in anhydrous, monoclinic prisms, or in 
triclinic crystals containing one molecule of 
waiter. The acid salt, wliich is much less soluble 
than the normal salt, forms wdth oxalic acid 
potassium quadroxalate C204KH-C204H,,2H20, 
wdiich forms trielinic crystals soluble in 2"0 parts 
of w'ater at 20°. ■ 

Both these acid salts are sold as ‘ salts of 
sorrel ’ or ‘ salt.s of lemon,’ and are used for re- 
moving ink stains, &c., and also for scouring 
metals, clean.sing ivood, &c., for which they are 
at least as suitable as the free acid. 

The normal salt may be prepared by neu- 
tralising the acid with potash or potassium car- 
bonate. The acid salt may be made by halving 
a solution of the acid, neutralising one part, and 

adding the oG--" ’ ' issiradarly 

prepared by- ■. ■■ of the solu- 

tion and adding the remainder, or by adding 75 
pari^^ of potassium cMoride to 252 parts of oxalic 
acid, both in saturated solution. Potassium 
oxalate is employed in the hot bath used in the 
platinotype process, and is also used in other 
photograplSc operations (y. Photography). 

Sodium oxfflath OaO^iNa, occurs in various 
plants growing in salt marshes. It and the acid 


.saltare:'" :m". ■ '■'■■■d., dy t the potas.sium com- 
pounds.' \ has yet l)ecn jirc- 

pared. The normal salt requires a))out 30 ])arts 
of cold water for solution. It separates from 
hot solutions in fine glistening needles or a.s a 
crystalline powder. The acid salt is .still le.ss 
soluble. 

Ammonium oxalate C30,i(NH4)22H20 occurs 
in Peruvian guano. It crystallises in long rhom- 
bic prisms readily soluble in water, d’lui acid 
salt is less soluble, crystallises in rhombic prisms 
and gives a quadroxalate isomorphous with that 
of potassium. These salts are prepared similarly 
to the potassium salts. 

Calcium oxalate 0204Ca is widely distributed 
in the lA k’;.j A ;■ and is the least soluble 
of the It occurs in rhubarb 

and other plants, frequently in aggregations of 
needle-like crystals. In larger proportions it 
occurs in many lichens which grow on limestone, 
and in certain urinary calculi. It is prccupitated 
as a powder containing one molecule of w'ater, 
by addition of a calcium salt to an oxalate. 
When heated to 180° it becomes anhydrons, but 
it reabsorbs water wlien exposed to the air. 'flu; 
acid salt has not been prepared. 

Barium and strontium oxalates I’esemblo the 
calcium salts, but are somewhat soluble in W'ater. 
The neutral magnesmm oxalate, and (bmlile 
oxalates of magnesium witli potassium and 
ammonium but not with sodium, are known. 
The acid magnesium oxalate has not been 
prepared. 

Ferrous oxalate occurs in lignite (!om))ined 
with lIHjO as oxalite or humboldtinc. It may 
be prepared as a heavy yellow, nearly tast(‘lc.ss 
powder, almost insoluble in (sold, and sparingly 
soluble in hot water, by mixture of ferrous sul- 
phate with oxalic acid or an oxalate ; or in line 
lemon-coloured crystals by exposure of a solu- 
tion of hydrous ferric oxide in o.xalic acid, it 
is also slowly deposited from a .solution of iron 
in oxalic acid._ The artificial variety contains 
2H2O. An acid oxalate appears to exist, 

Ferrous oxalate is employed as a developer 
in photography. The solution used is olitained 
by adding ferrous sulphate solution to exc:css of 
pota,ssium oxalate. The ferrous oxalate exists 
in the resulting brown solution as a double; 
ferrous potassium oxalate KaFe(Ca04)2, 21120. 
When heated it is converted into a" very iinely 
divided oxide, admirable as a rouge for' optical 
purposes. 

Ferric oxalate, The normal salt is slowly 
depo.sited as a yellow precipitate on mixing 'a 
normal oxalate with ferric chloride, or on treat- 
ing freshly precipitated ferric hydroxide with a 
quantity of oxalic acid insufficient to dissolve 
the whole. The solution in oxalic acid gradually 
deposits ferrous oxalate on exposure to the light 
Double salts with the alkalis are obtained by 
solution of ferric hydroxide in acid alkaline 
oxalates. These are considerably used in 
photography in the preparation of platinum 
printing papers. Sodio-ferric oxalate 
NaaFe(C204)2,4-JfH20 

fornis large green crystals. The ferric am. 
monium oxalate is sometimes used instead of 
the double citrate for producing blue prints in 
photography. '■ 

Antimony oxalates. The application of anti- 
mony oxalate and the double oxalates with 
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the alkaline raotaLs in calico-printing has boon 
noted under aT’iiclc Antimony, vol. i. The 
normal salt Sb203-C40f,2H20 is obtainable by 
boiling antimonious chloride or oxychloride in 
oxalic acid, or by mixing a saturated solution 
of oxalic acid with a hydrochloric acid solution 
of the trichloride. It crystallises out a.s a granu- 
lar precipitate. The antimony potassium oxalate 
iSbK.,(OoOj)3,OH20 is obtained in monoclinie 
crystals from a solution of antinionic acid in 
acid potassium oxalate. It is used as a mordant 
in dyeing. The sodium salt SbNa(i(C20(i)(i,10H30 
is similarly prepared. 

Cerium oxalate Go2(C2O4)a,10I-l2O is a white, 
slightly granular, insoluble powder, iiermanent 
in the air, odourless and tasteless. It may be 
prepared by the action of oxalic acid solution on 
eerous oxide, or by addition of oxalic acid to a 
soluble cerium salt. Cerium oxalate has medi- 
cinal properties resembling those of bismuth 
subnitrate, and is used to jjrevent the vomiting 
of pregnancy and in certain diseases (John, Bull, 
Soc. chim. [ii.] 21, ,'540). 

Methyl oxalate C204(CH3)2 is obtained in 
rhombic tables melting at 54° and boiling at 163° 
by di.ssolving anhydrous oxalic acid in methyl 
alcohol and washing the crystals with cold water. 
Methyl oxalate is converted into oxalic acid and 
methyl alcohol liy boiling with water. Pure 
oxalic acid may thus be prepared {v. Methyl). 

Ethyl oxalate 0204(021-15)2 is a liquid which 
ihay be obtained by .slowly heating a mixture of 
3 parts of the anhydrous acid and 2 parts of 
absolute alcohol to 100°, afterwards heating to 
125° or 130° while the vapour of 2 parts of 
absolute alcohol is qiassed in. The ethyl oxalate 
is separated by fractional distillation. This 
compound is an aromatic oily liquid boiling at 
180° and decomposed by water in the same 
manner as methyl oxalate. 

A great number of aromatic esters of oxalic 
acid have been prepared and characterised by 
Bischoll and Hedenstiom (Ber. 1902, 3437) ; 
and also by Anselmino (Ber. Deutsclv Pharm. 
Ge.s. 1903, 494). 

The decomposition of oxalates on heating, 
though taking place approximately according 
to the equation UaGoO^—CaCOg-l-GOin the case 
'of calcium oxalate is in reality more complex. 
Some carbon is always protlucod during the 
ignition of calcium oxalate. Sodium and 
barium oxalates follow the courses VNa.CoOd 
=7Na2C03-f3{J0+2C02+2a and SBaCaOi 
=8Ba(J0;,-|-6C0+C02+G. Magnesium oxalate 
gives equal volumes of CO and (JO 2 and no carbon, 
MgC20(i=Mg0-|-C0-f-C02 ; but most other 
oxalates give notable quantitie,s of carbon 
dioxide and carbon (Scott, Cilrem. Soc. Proc. 
1904, 156). 

The electrolytic reduction of oxalic acid and 
oxalates in sulphuric acid solution to derivatives 
of glyoxylic acid w'as lirst patented by Purtheim 
(U.S. Pat. 798920, 1905). 

Kinzlberger and Co. (D. R. P. 163842) reduce 
oxalic acid, its esters, and amide electrolytically 
in a cell with a lead cathode and a diaphragm in 
presence of sulphuric iicid of strengths varying 
from 2 to 90 p.c. monohydratc. The current 
density is 2 to 10 amps, per sq. cm. and the 
temperature must be kept low. Oxanilic acid 
or its derivatives in the same conditions yield 
phenylglycine or a derivative {v. also U.S. Pat. 


837083 ; I). R. PP. 204787, 194038). Kinzlberger 
& Co. have since secured an additional jiatent 
for the use of electrodes of metals not attacked 
by sulphuric acid, iiartlcularly mercury (D. R. P. 
210093). Bayer & Co. make use of .sodium 
amalgam in the reduction of oxalic acid deriva- 
tives (D. R. P. 201895; J. Soc. Chem, Ind. 
1908, 1170). 

OXALIC ACID FERMENTATION v. 

Eekmentation. 

OXAMINE BLUE, -MAROON, -RED, 
-VIOLET V. Azo- coLouEiNG Mattees, 

OXAZINE COLOUEING MATTERS.— The 

colouring matters of tliis series are closely 
related in structure to those of the thiazine 
group, the only difference in tl'.Cr .m-nr-’-f; ! 
formulae being caused by the t- x.Li'-. v.ctii. (■! 
the coupling sulphur atom by oxygen. Two 
typical examples in Capri blue and methylene 
blue will illirstrate tins statement 



C](CH3;2J.'i - y 

Methylene blue (thiazine) 

N 


N(CH2)2 


C1(CH3)2N^’\/^ 


N(CH3)2 


0 


Capri blue (oxazine) 


Constitution. — The formula for Capri blue 
given above represents tlii.s substance as a 
derivative of p-quinone-diimide in which salt 
formation is produced on the imido nitrogen as 
in, for example, magenta. "Within recent years, 
attempts have been made to assign to the 
oxazincs an ortho-quinone formula of the same 
character as that which '■ ■ ■ ■.■’'’/accepted 

as best expressing the ■ ■ colouring 

matters of the azino series. On this basi.s the 
formula- of Capri blue becomes 


N 

/vv\ 

1 I I 1^ 

(CH3)2N/"^-'^'^(^'\/\N(CH3)2 


Cl 

in which salt formation is represented as having 
taken place through the passage of diad into 
tetrad oxygen. The work of Ivehrmann and 
others shows that many of tiro properties of 
these compounds can be better explained by the 
oxonium formula than by the para-quinone 
structure. In the jn'esent article the oxonium 
formulm have been used mainly for the sake of 
uniformity, although it must be remembered 
that it is by no means certain that the para- 
quinone structure of the salt is incorrect. 

General description and methods of prepara- 
tion. — The colouring matters of the series may c 
be conveniently classed under two heads : 
(a) the basic colours ; (h) the mordant colours. 

(a) The basic colours. — These compounds are 
the hydrochlorides, sulphates, and, in somff cases, 
the zinc 'chloride double salt.s of *thf? oxazinee 
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bases. The most typical member is Meldola’s 
blue, wliiuh was prepared by Meldola in 1871) and 
was the first colour of the series to bo isolated. 
In the lirst instance the preparation was effected 
by allowing j8-naphthol to react mth nitrosodi- 
inethylaniline hydrochloride in glacial acetic 
acid solution. At the present time alcohol is 
used as a solvent and the colour is obtained by 
the ^ , ■ , ■ 

. ^ , . ■ ■ . containing 21 grams 

of ;3-napbthol and 53 grams of nitrosodimethyl* 
aniline hydi'ochloride is dissolved in alcohol and 
boiled for one day in a flask fitted with a reflux 
condenser. The colouring matter is formed in 
solution and is isolated as the zinc chloride 
double salt by adding a solution of zinc chloride 
until no further precipitate is obtained. The 
yield is 30 grams. 

Properties. — The colour is a dark violet 
powder, soluble in water forming a bluish-violet 
solution. It dyes cotton mordanted with tannic 
acid and tartar emetic an indigo shade of 
blue. 

Mechanism of formation. — There is no doubt 
that the formation of an oxazine colouring 
matter, in the manner described above, involves 
the reduction of one-third of the nitrosodi- 
methylaniline used to asym-dimethyl-p-pheny- 
lenediamine and that the equation representing 
the formation of Meldola’s blue can be written 
as follows : — 


3 I I 

CiH(CH3)2N/ 
Nitrosodimethylanfline 
hydro chforide. 


NO 


+2 


/'\ 

/\_/ 


p-naplitiiol 


2 


• N /-\ 

/\/\/\_,/ 


(OH. 


Cl 


Meldola’s blue (chloride). 

/\^m, 

I I +3H3O. 

-|-C1H(CH3)2N/\/^ 

Msym-diinethyl-p-phenylenedlamine. 


'It is advisable, however, to use a larger quantity 
of nitrosodimethylanfline than is indicated in 
the above equation and to employ two mole- 
cules of the aniline derivative to one of the 
naphthol in all reactions of this type. 

Literature.— Meldola, (Ber. 1879, 12, 2005- 
Chem. Soc. Trans. 1881, 39, 37) ; Nietzki and 
Otto (Rer. 1888, 21, 1745) j Witt (ibid. 1890,23 
2247) ; Nietzki and Rossi (ibid. 1892, 25, 2994). 
Meldola’s blue_ appears in commerce under other 
names of which the following are the more 
important : new blue, naphthylene blue, fast 
blue, cotton blue, fast navy blue and naphthol 
blue. 


It is evident from the above equation that 
Tthe formation of an oxazine colouring matter of 
the type of Meldola’s blue might be expected to 
ensue when any derivative of /8-naphthoi is 
treated with a derivative of nitrosodimethvl- 
anfline^jrowdedthat in the one case the adjacent 
position to the hydroxyl group is unoccupied 


and in the other the ortho- position to the 
nitroso group is free. In praotice, Jiowcvcr, 
the formation of colours of this cliaracter is 
confined to the simpler reaction. Neverthelc.ss, 
a new method for the preparation of these colours 
was introduced by Reissig in 1888, and by it.s 
means a number of important colours were 
added to the group. The new process can be 
best illustrated by referring to the production 
of Nile blue A, which is produced by the inter- 
action 0 " " ■ ' iiydro- 

chloride 

Preparation. — ^A quarter litre flask, fitted 
with an air condenser, containing 10 grams of 

i I'. .vii;.i: l.y.ir. flflorido dissolved in 
M-:i ji. -i. -I i r''p.c. 

of water, is heated on thi ■ ■ the 

contents are at the boiling-point when 19 grams 

are . i , ■ ■■ ^ , a time. Tho 

vigorous reaction which is caused by each 
addition is allowed to subside before a fresh 
portion is added. When all the phenol has been 
used the mixture is allowed to boil for half an 
hour when the colouring matter separates as 
ghstening crystals on cooling. 

Properties . — Crystalhne powder, with marked 
bronze reflex, soluble in water, alcohol or pyri- 
dine forming a blue solution. Dissolves in 
concentrated sulphuric acid forming an orange- 
red solution which, on dilution, passes through 
green to blue. It is employed for the dyeing 
of tannined cotton on which it produces a bright 
shade of blue. 

Mechanism of formation.— ’Ll\e production of 
Nile blue A may be expressed by an equati(m 
similar to that given in the case of l\Ieldola’a 
blue, as shown below : 


/\/ 


NO 


+ 2 




(03Hb)3N/’^'v/\oh \/' 


-NHJICI 


2 


N 

X i j. i~NI!„ 

(C3l-T3)3N/ 


Cl 

+ (C2H5)„NI I 

' / '"OH 

^ Reissig (B. A. S. E.), E. l\ 447(i, 

4-31541; 90 ; D. R, P. 
46208, 88 ; 74391, 91 ; F. R. 189359 88 • Raver 
4>. 198589; Mohlauanci 
UUmmin (Annalen, 289, 111) ; Thorpe (Chem. 
Soc Trans. 1907, 91, 324). Tho commercial 
product IS usually the sulphate. 

^ Other members of class (a) iHcay bo summa- 

Capri blue is formed from ri-’r-s-":];.-,- 1 ■■■■’. 
aniline and diethyl-TO-aminocrei . il.-.-. h. r. ■ 
and the Cresyl blues (Bender, lsy2) are derived 
from nitrosodialkyl-m-amino-p-cresol and meta- 
or para-diamines. 

New blue R is formed by tho condensation of 
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aA'//w-cliraothyl-2)-XjhcnyIenecliamine with Mel- 
dola’s blue. 

/-\ N 


(CH3)2N-Gr,H4TiNl 


-N(0H3)2 


It liaa been already stated that this base is a 
by-product in the formation of Meldola’s blue. 
It therefore follows that New blue is always 
present in small quantities in commercial 
Meldola’s blue. 

New methylene blue is formed by the action 
of dimethylamino on Meldola’s blue. 

N 


0 ' 


It dyes cotton mordanted with tannin a 
greenish- blue, fast to light and washing and is 
also employed for the dyeing of silk. 

Nile blue 2B is formed by the condensation 
of ■ ’ hydrochloride 

anc ■ ■ '-,■■■ : I Julius, 1891) 

/-\ N 


0„Hk'0H,-HN- 


y\/- 


-N(03Hs)3 


The basic colours of this series have been 
used for some considerable time as stains for the 
purpose of colouring microscope sections ; like 
other basic colours, they stain the nitrogenous 
parts of the section leaving the neutral regions 
uncoloured. It has been shown by Lorrain 
Smith (J. Path. Bact. 1907, 12, 1) that certain 
colours of the oxazine series possess the curious 
property of staining sections containing nitro- 
genous matter and neutral fat differentially ; 
that is to say, whilst the nitrogenous matter is 
coToured blue in the usual manner the neutral 
fat is stained red. The colouring matter which 
exhibits this property to the greatest degree is 
Nile blue A, and there is no doubt that the 
cause of this behaviour is due to the partial 
hydrolysis of the dye in solution, thus — 

Cl 


(CJIrJaN 


1111 
N I I 


Mile blue A (chloride). — Blue. 


I 1 I I 
N I 1 

The phenouaplithoxazoiie. — lied. 


It is found (Chem. Soc. Trans. 1907, 91, 324) 
that small quantities of the oxazine are formed 
so soon as the dye is dissolved in water and 
that it is readily extracted by neutral solvents. 
It is evident, therefore, that the staining of the 
neutral fat is due to the extraction of the 
oxazine by the fat. 

(6) The mordant colours . — The colouring 
matters of this section are prepared by the 
condensation of -with 

compounds of the . ■ ■ ' The 

oxazine contains, therefore, two hydroxyl 
groups in the ortho- position to the coupling 
oxygen atom ; consequently, like alizarin, they 
yield insoluble lakes with metallic salts and can 
be employed as mordant colours. A typical 
member of this group is Gallocyanine, which can 
be prepared by the condensation of nitroso- 
dimethylaniline with gallic acid. 

Preparation . — ^A mixture of 10 grams of 
gallic acid and 17 grams of nitrosodimethyl- 
anihne hydrochloride is dissolved in 200 o.c. of 
alcohol (95 p.c.) contained in a 500 c.o. round- 
flask which is fitted with a reflux condenser. 
The reaction is completed by heating on the 
water-bath until a drop, removed by the aid of 
a glass rod, shows a deep violet spot, without a 
yellow rim, when placed on filter paper. The 
alcohol is then distilled off on the water-bath, 
and the dried residue, after being boiled •with 
200 c.o. of water and separated by filtration, is 
dried on porous porcelain. The colouring ma-tter 
is a bronze powder insoluble in water. It dyes 
chrome-mordanted wool bluish-violet, and is 
also used for printing upon chrome- mordanted 
wool and cotton. 

Mechanism of formation . — ^Tho course of the 
reaction, which is of the same character as that 
already shown, can be illustrated by the follow- 
ing equation — 


HC1(GH3)3N- 


GOOH 

/\ 

ohI Joh 


-> 2 I 
(GH3)2N/''^ 


N CO- 


Gallocyanine 

jun/N 


N(GH 3 ) 2 HG 1 +2HGI+3H2O 


Literature. — H. Kochlin, D. R. P. 19580,1881; 
E. P. 4899, 1881 ; Am. P. 253721, 257498 ; Mon. 
Scien. 1883 (3) 13, 292 ; Nietzki and Otto (Bcr. 
1888, 21, 1736 ; 1892, 25, 2994). 

The other dyestuffs of this group arc, for 
the most part, derived either directly from 
gallocyanine by the action of various reagents, 
or by processes in which gaUic acid or a deriva- 
tive of this substance is employed. The follow- 
ing are the more important members. 

Delphine blue (Hagenbuch, 1889) is prepared 
by sulphonating the product formed by the 
action of gallocyanine hydrochloride on ani^ino. 
The Chromocyahines (de la Harpe and IJaucher, 


VoL. IV.— T. 


OH 0 
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1 SOS) are formed by tlio action of sulphites on with 1 - 

gallocyanines. ■ ' ' ’ ■ 

Indalizarin (de la Harpe and Vauoher, 1900) / \ N / Xqd 

is obtained from the gallocyanine sulphonic i ® 

acids by the action of sulphites. I 1 I I I 

Gallamine blue (Geigy, 1889) is formed by 

the action of nitrosodimethylaniline on gallamide. OH 0 ' 

Coreine 2R (Bierer, 1893) is the corre- g 

r ttf of thoa. oompo JiB best ““ 

expressed by the structui’e — _ 

CONH, / \. N 

^'\/\/\ HOI ,l /I, j-. 

I I I I OH ''oTT O ' ' 


Coreine AR is derived from Coreine 2R by 
the action of aniline. 

The Phenocyanines (de la Harpe, 1893) are 
obtained by the action of resorcinol on the 
gallocyanine which is formed by the condensa- 
tion of nitrosodiethylaniline and gallic acid. 

Phenoeyanine VS is the initial product, and 
Phenoeyanine TC is formed from this fay the 
oxidising action of air ; its structure is probably 
represented by the formula 

0-0,Hi-0H • 

N 1 


Both colouring matters produce fast shades of 
green on chrome- mordanted fabrics. 

Fast Black (Bender, 1889) is formed by the 
condensation of nitrosodimethylaniline with 
??i-hydroxydiphonylamine. The structure of tlus 
compound is, in all probability, represented by 
the formula 

N N 


(GH,),N/ 0 

I f 

Phenoeyanine TV is the sulphonic acid of 
Phenoeyanine TO. 

Gallanilie violets (Mohler, 1889) are formed 
by the action of nitrosodialkylanilines on the 
anilide of gallic acid. The further action of 
aniline produces Gallanilie blue. 

The above colours are largely used for the 
dyeing of chrome- mordanted wool on which 
they produce various shades of blue and violet. 
The colouring matters given below also belong 
to the oxazine series ; — 

Muscarine (Annaheim, 1886) is prepared by 
the action of nitrosodimethylaniline hydro- 
chloride on 2 - 7 -dihydrox 3 maphthalene. Its 
■structure is represented by the formula 

TTn/^\ N 


-N(CH3)a 


\/'\/\/' 

0 


It is employed in the dyeing of tannined 
cotton on winch it produces a fairly fast shade 
of blue. 

Fast Green M (Bierer, 1891) is derived from 
muscarme by the action of aniline. Printed on 
cotton m conjunction with tannin, this colour 
produces a fine fast shade of green. 

The Alizarin Greens (^Isasser, 1890) are 
prepared from p . ... 

and certain ■ ... -j 

Thus Alizarin c. ; . 

/3-napbtho(iuinoue suipnomc acid is condensed 


(CH3)3n/'^'/'Y Y ' '"■^( 0113)3 
01 cY Cl 

The dye-stuff produces an extremely fast 
shade of blue-black on tannin-mordanted 
cotton. 

Resorcin Blue (Ullrich, 1898) is ahvay.s 
produced directly on the cotton fibre by treating 

the materia], ' 1 -.’ ■ ■■’ ■ : ^ 

resorcin, with I 

Fluorescen: ir.ii Is is ,Gii:i ., .. and 
Benedict, 188 ■■■ ■ . l ■ of 

resorufin, a compound wfiich is produced by 
heating nitrosoresorcinol with resorcinol in tim 
presence of concentrated sulphuric acid. It has 
the structure 

N 

Br-^ "Y 

0—[. A A j— OH 
j Br 0 Br 

and dyes silk and wool a fairly bright shade of 
blue, the dyed fabric retaining, to a certain 
extent, the brownish fluorescence of the dyit 
solution. J 4 ’ 

OX-GALL V. Bilk. 

OXIDISED OILS V. Oils, Eixed, and .Fats. 

OXINDOLE V. Amino acids (aeomatxc). 

OXONITE V. Explosives. 

OXOZONE V. Ozone. 

OXYACANTHINE Oi^H.^NOa. An alkaloirl 
associated with berberine and berbarnino in ber- 
beris root (Hesse, Ber. 19, 3190). 

OXYANTHRARUFIN. Oxyclirysnzin v. Ali- 
zarin AND ALLIED COLOUlllNO MATTERS. 

OXYAZO- DYES v. Azo- dyes. 

OXYCAMPHOR v. tSyNTinsTKi nuuns. 

OXYCANNOBIN v. Resins. 

OXYDASES. The term ‘oxydase’ was lir.sl 
applied by Bertrand to the group of oxidisin.tr 
ferments which possess certain oharacteristies 
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common to enssymes. Although, there is much 
in the behaviour of the oxydases which dis- 
tinguishes them sharply from other enzymes, 
particularly the fact that they are generally 
associated with manganese, it is customary to 
regard them as enzymes and to define them as 
substances which, under physiological con- 
ditions, rapidly carry oxygen to materials on 
which otherwise oxygen would act very slowly. 

Oxydases act as catalysts, their activity 
rises to an optimum with increase of tempera- 
ture and then falls with a further rise : it is 
destroyed on boiling. They are insoluble in 
alcohol, absorbed by colloidal precipitates and 
unable t ■ . T”- Uy^ they are selective 

in their ' , ■ oxydases acting only 

on certain groups of more or less closely related 
materials. 

TKa ^-^iVlation is accom- 

pan; ' ■■ ■ . : ■ of oxygen from 

the ■ . . 

Oxydases are so universally distributed and 
take part in so many natural phenomena, 
particularly those which are manifested ex- 
ternally by colour changes, that it is surprising 
so little is understood as yet about the mechan- 
ism of their action. A number of reagents have 
been employed in their study : few of these are 
really satisfactory. 

The most extensively used are guaiaoum, 
which gives a blue colouration and precipitate ; 
cfuinol, which is oxidised to quinono (Bertrand, 
Oompt. rend. 1894, 18, 1215); pyrogallol, 
which gives insoluble purpurogallin CBach and 
Chodatj ,Ber. 1904, 37, 1342) ; vanillin, which 
forms insoluble (Herzog and 

Meier, Zeitseh. ic.;. .'-i ,i. ( i;i. 1908, 57, 35; 
1909, 59, 57). Ti:'; Iwl;,: of tyrosinase is 
studied on tyrosine which becomes first red, 
then l)lack and finally gives a black precipitate. 
Salicylic aldehyde, benzidine, the loucobaso of 
malachite green, phenolphthalein, &c., have also 
found employment. [Eor a complete list of 
oxydase reagents and references to tlie original 
papers, v. Kastle, U. S. Treasury Dept. Hygienic 
Laboratory, Bulletin No. 59.] 

The better known oxydases are : — 

1. Laccase, which oxidises guaiaoum, quinol, 
tannin, &c., and is very widely distributed in 
plants. 

2. Tyrosinase, which oxidises tyrosin and 
allied substances : it occurs in both plants and 
animals. Les.s studied have been — 

3. AMchydase, an animal oxydase, which 
oxidises salicylaldehydo and other aromatic 
aldehydes. 

4. Indoylicnol oxydase, which is widely dis- 
tribxited in animal tissues : it forms indophenol 
from a-naphthol and p-phenylenediamine 
(Rohmann and Sjutzer, Ber. 1895, 28, 567). 
In addition, enzymes known as peroxydases, 
which oxidise reagents only in presence of a 
peroxide like hydrogen peroxide, are universfdly 
distributed in living cells and tissues. 

The view is gaining ground that oxydase.s are 
not entities but in reality mixtures of a peroxy- 
daso and an unstable organic peroxide (Moore 
and Whitley, Biochem. J. 1909, 4, 136; Bach 
and Ohodat, Ber. 1903, 36, 606), Many plants 
contain organic bodies caj)able of autoxidation, 
thereby becoming organic peroxides. This 
superoxidation may be caused by an enzyme — 


t)xe oxygenase. Thes peroxide 

and peroxydase, are ■ ' istitution 

of an oxydase. 

Gatalases are ferments which decompose 
hydrogen peroxide but cannot effect the oxida- 
tion of oxydase reagents, a distinction first 
drawn by Loew (Bulletin No. 66, U. S, Dept. 
Agric. 1901). They are very widely distributed 
in vegetable and animal tissues. Catalase is 
soluble in water and destroyed by heat. Con- 
siderable interest attaches to the catalase 
(hemase) of blood (Senter, Zeitseh. physikal. 
Chem. 1903, 44, 257 ; 1905, 51, 673). 

It has been suggested that the function of 
catalase is to protect the organism against 
oxce.ssivo oxidation, but the inability to decom- 
pose substituted organic peroxides or oxygenases 
(Bach and Chodat, Ber. 1903, 36, 1756) and 
other ' ■■■''■'■ ia view and the question 

is as ; . ■ ■ understood. 

T'-- • -I catalases are so widely 
■ ■ , tissues that their presence 

might almost be used as a chemical test for 
vital activity. They are characterised by great 
stability : thus the peroxydase of horse-radish 
is not entirely destroyed when its solution is 
boiled for a short time. The activity of a weak 
oxydase is greatly increased by a peroxydase, 

moi ■ ■ ■ ■ ” 'hat from the same source 

as ■ I luaUy lose their activity 

dur ^ ■ ■ which they bring about. 

Poroxydases appear invariably to contain 
manganese, and Bertrand (Compt. rend. 1897, 
124, '1032, 1365) has shown that the oxidising 
power of la ■ ■ . ■ ■ ■ the amount 

of raangai ■ : ■ . that the 

addition of ■ ■ ■ ' ' o greatly 

increased the oxidising power of lucerne laccase. 
He therefore regards manganese as the co- , 
ferment of laccase in the same way as hydro- 
chloric acid is the co-ferment of pepsin. The 
manganese cannot bo replaced by other metals 
in the ca.se of laccase, but iron and other metals 
have similar functions with other enzymes. 
Colloidal suspensions and solutions of these 
metals have been shown to form artificial 
’ ■ . The subject is a complex 

■ . . ■ _ see Kastle, l.c. 

Tyrosinase. An oxidising ferment acting 
on tyrosine is widely distributed in both plants 
and animals. When the enzyme is added to a 
solution of tyrosine, the mixture becomes red, 
then black and deposits finally a black precipi- 
tate. The amount of action is conveniently 
measured by titrating with 0 -002 normal potas- 
sium permanganate after the addition of sul- 
phuric acid (Bach, Ber. 1908, 41, 216) until the 
colour of the titer disappears. 

This change is responsible for the reddening 
and .sub.sequent blackening observed in certain 
fungi and in the roots and tubers of plants. 
Tyrosinase is also of importance in the formation 
of animal ;■:( I;-.';.- as they are 

termed (u. v-.-, -■ hnoidor, Beitr. 

chem. Physiol. Path. 1901, 1, 229; also von 
Fiirth and Jerusalem, ibid.lQQI, 10, 131). 

Tyro.sinaso is entirely different from laccase 
which usually accompanies it in plants. The 
peroxydase of lactiase activates hydrogen perox- 
ide towards guaiaoum, quinol, pyrogallol, &c., 
but not towards tyrosine, whilst the poj^oxydaso 
of tyrosinase acts only on tyrosine anci certain 
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amino compounds and docs not affect the 
laccase reagents. 

Yegetahle tyrosinase is best obtained from 
or Aqanc'us — or from 
■ ■ ,i> ' and Muterrailch, Compt. 

rend. 1907, 144, 1385). The young fresh fungus 
is macerated with cliloroform water or with 
glycerol, or the enzyme may be precipitated 
from the aqueous extract by alcohol (Bach, 
Ber. 1908,41, 221). 300 c.c. of clear expresssed 
fungus juice is poured into 1-5 litres of 90 p.c. 
alcohol ; the precipitate is filtered, washed with 
alcohol and dried in a vacuum. The activity 
depends on the age of the fungus. 

To obtain it from wheat bran, I part is 
allowed to stand with 4 parts water— the 
mixture is centrifuged and the solution 
mixed with 3 vols of 95 p.c. alcohol. The 
precipitate is separated, washed, and dissolved 
in distilled water. The enzyme is again precipi- 
tated by alcohol, collected and dried in vacuo : 
the substance obtained amounts to 0’8 p.c. and 
contains no laccase. 

Sources of animal tyrosinase are the ink sac 
of the cuttle fish and the pupae of the butterfly 
of the species DekipMUa euphorbia (von Eiirth 
and Jerusalem, l.c.). 

Tyrosinase is sensitive to the action of acids 
and alkalis and certain poisons, particularly 
hydrocyanic acid. It obeys the laws of mass 
action in the production of melanin from 
tyrosine (Bach, Ber. 1908, 41, 221). 

Tyrosinase ac"- ” ■ ■ . : ‘ 

dextro-andliGvo- : = , 

colours with compounds analogous to tyro-sine 
containing a phenolic hydroxyl (Bertrand, Bull. 
Soc. cbim. 1908, [iv.] 3, 335). It gives colour 
changes with hnmogentisic acid and tryptophane 
and with polypeptides containing tyrosine ; the 
latter .are not coloured like tyrosine but become 
yellow, then orange and finally mahogany red. 
The nature of the amino acid modifies the colour 
(Abdcrhalden and Guggenhoira, Zeitseh. physiol. 
Ghom. 1907, 54, 331 ; also tihodat and Staub, 
Arch. ScL Phys. Nat 1907, 23, 205 • 1907, 24, 
172). 

Laccase is of almost universal distribution 
in the vegetable kingdom but its occurrence in 
animals is rare. It is soluble in water and active 
aqueous extracts arc readily obtained from most 
plant materials, the potato and cabbage being 
convenient sources. It is more stable towards 
heat and alcohol than tyrosinase, the latter 
being destroyed at 70'=' : laccase is killed on 
boiling. Most acids and substances, such as 
hydrogen cyanide and hydrogen sulphide, 
destroy its activity. 

It may be salted out from solution by 
ammonium sulphate. It is not specific in its 
action but promotes the oxidation of a large 
number of easily oxidisable substances. It i.s 
responsible for the colour changes occurring in 
cut fruits like apples, pears, ‘&c., the brown 
colour formed being considered to be due to the 
oxidation of tannin Iry laccase (Lindet, Compt. 
rend. 1895, 120, 370; Xastle and Doevenhart, 
Amor. Ghom. J. 1904, 31, (i06). 

A very complete and critical summary and 
bibliography of the literature bearing on oxy- 
dases is givmi by J. H. Kastle, Bulletin No. ,59, 
ilygfcnic Laboratory, U. S. Treasury Dept. 
1010. E. F. A. 
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Historical note . — The first recognition of the 
role of oxygen in nature woidd seem to date 
from the oightb century. The Ghinosc Philoso- 
irher Mao-Khoa then promulgated a theory 
based on his experiments, that all matter w'as 
composed of two fundamental elcineuts, Yang 
(the strong or primary) and Yin (the w'cak or 
secondary). In air both these elements wm'o 
]3resent combined with elemental fire. 'Ihe 
Yang (or more complete air) could be obtained 
purer by burning in air certain <jf the metals, 
sulphur or charcoal, Avhich robbed the air of 
some of its Yin; whilst Yin, never occurring 
pure in the air, could be obtained by heating 
certain minerals (the identity of which is not 
clear) and e.S 2 iecially Hhfi-siao (prolialdy nitre). 
Mao-Khoa recognised that the Yin of the air 
was also present in Avatxw, though here it rvas so 
closely bound to Yang that its sc])aration wris 
difficult. The important part taken by Yin 
in combustion and respiration rvas recognised. 
Leonardo da Vinci was the fir.st Europiam 
to recognise, towards the end of the lifteenlh 
century, the non-clemental character of the air 
and to state that only one part of it was con- 
cerned in combustion and respiration. Robert 
Hooke, in Microgra^fiiia, published in London in 
1 ppr ■ . -t ga,ni(. fact, and that the same 

■ ■ : " it least a very similar one, was 

present in nitre. Mayow' in 1G74 recognised 
that the active constituent of air wdiich sup])ort.s 
combustion forms only part of the atmospheu-e, 
and that the same substance is pre.scnt in nit; re, 
and is given off rvdieu nitre is heated strongly. 
Mayow termed this gaseous constituent of air 
and iiiti'e spiritus viialis, spiritus nilro-aerms, 
and pabulum igneo-aereum. Borch (1678) canLs I 
the rvork of Mayow rather further, and Hales 
(1727) obtained oxygen by heating nitre', and 
collected the gas over water in nearly tli(;oreti(!al 
quantity, but failed to recognise its charac4er. 
Prie.stley obtained the gas on August 1, 1774, 
by heating mercuric oxide in a glass vessel 
by the heat of the sun’s rays concentrated 
on the oxide by means of a burning glass, 
and gave it the name depMogisticaled air. 'rint 
gas -was isolated ’"d- j . r l', : ',l\ . and almo.st 
simirltaneously /r'.r.i - i:. ITTi, though the 
publication of this result was only made; several 
yeans later), by the Swedish chemist Schetde, 
who applied to it the term empyreal or lire-air. 
Condoreet soon after suggested the narne vital 
mr. Lavoisier regarded it as an essential con- 
stituent of all acids, and hence gave it, its ju'eseut 
name oxygen (from^ acid, and yevvdea, 1 
form). The later discovery that hydrochloric 
and the other halogen acids contained no oxyg(ai 
showed that this substance is not neccfssarily 
present in acids, but the name has been re- 
tained. The di.Heovery of oxygen was the, means 
of leading Lavoisier to the true theory of com- 
bustion {see fr . . r-c Entdecicung des 

Saurstoffes, 

OccurreritMi . — uxygou is the most abundant 
and the most widely distributed element in 
nature. In the free .state it occuns, meclianically 
mixed ivith nitrogen, in the atmosphere, (if 
which it forms about 21 p.c. by volume, and 
more than 23 p.c. by w'oight. In tlie comhiiKMl 
state it forms eight-ninths by -weight of all (h(> 
water on the globe, and nearly half of the three 
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chief constituents of the earth’s crust, viz. 
.silicious rocks, clialk, ami alumina. Most 
mineral, s — the chief exceptions being rock .salt, 
lluorsijar, blende, galena. ' ' 

oxygen in considerable , ^ ■ . I 

essential constituent of all animal and vegetable 
tin, sues and Iluids. It is ab, sorbed in large 
quantities from the atmc)s])herc by animals aird 
vegetables during re.spiration, but this abstrac- 
tion i.s practically counterbalanced by the oxygen 
evedved by green foliage under the inlluencc of 
sunlight. 

Preparation. — A. On the lahoratorij scale. 
Oxygen may be obtained by the action of heat 
on the oxides of mercury, silver, gold, and 
])latinura ; the peroxides of hydrogen, the 
alkalis, barium, lead, and manganese ; the 
chlorates, bromates, iodates, nitrates, and 
dichromatos of potassium and other bases ; it 
is evolved during some chemical reactions, and 
during the electrolysis of many substances, 
notably of water. 

Of the modes of preparation most convenient 
for use in the laboratory, or of interest from 
historical or theoretical considerations, the 
following are the principal : — 

1. By heating red oxide of mercury it splits 
xip into vapour of mercury (which conden.se.s) 
and (jxygen : 2[dg0=2Hg+0.^. This reaction 
i.s of interest as being that by which Priestley 
first (ibtained oxygen. ' 

2. By heating manganese dioxide to a bright- 
red heat it gives up one-third of its oxygon : 
SMuOassMiiaO^-l-Oa. The oxide is best heated 
in an iron bottle placed in a furnace, as glass 
vessels will not stand the high temjjerature re- 
(piired. 100 parts by weight of the pure per- 
oxide yield 12'3 |)arts by weight of oxygen. 

Manganese dioxide occurs in largo quanti- 
ties in nature as the mineral pyrolusite, and 
thus forms a cheaj) source for the prcqjaration of 
quantities of a few hundred feet of oxygen, but 
the high tem])eraturo recpiired makes the process 
somewhat inconvenient. Pyrolusite usually con- 
tains about 70 p.c. of the dioxide, and therefore 
gives a lower yield of oxygen than that indicated 
by the etpiation. 

3. Potassium chlorate is a very convenient 

and economical source for small quantities of 
oxygen for lecture and laboratory purjioses. 
When gradually heated in a hard glass ret(jrt or 
flask, fdiis .salt melts at about 3()0°-370“, and at 
about 370°”380° evolution of oxygen commences. 
After some time the fused mass thickens from the 
formati(m of the perchlorate, which, at a still 
higher temperature, is also deeompo-sed. Ulti- 
mately, therefore, ])otasaium chloriile alone 
remains in the generating flask, the whole of the 
oxygen having been given off according to the 
equation: 2KC103=2K(.'l-f-30i,. 100 parts by 

weiglit of chlorate yield 3!)T6 parts by weight of 
oxygen, or 1 oz. of chlorate PS gallons of the 
gas. The oxygen obtained is very pure. 

The temperature required in this dceom]5o.si- 
tion is too high for convenient use, as the glass ! 
vessels employed in the preparation of the gas 
often soften under the great heat, and yield 
to the pressure of the contained gas. When 
metallic vessels are u.sed the heating mu.st be 
very carefully watched, since the decomposition 
being exothermic (f.e. heat being evolved during 
the reaction), when once decomposition has set 


in, the evolution of gas is liable to become very 
violent. If tlie potassium chlorate be mixed 
with about one-eighth its AV'cight of some non- 
fusible oxide, such as oxide of co])per, oxide of 
iron, or manganese dioxide, the evolution of 
oxygen takes i>lace at about 240°, or considerably 
below that at which the salt fuses, and i.s much 
more regular. The addition of a little spongy 
platinum answers the same purpose. 

The gas prepared in this way almost invari- 
ably contains traces of chlorine, which are re- 
moved, when neces.sary, by passing the gas 
through a solution of caustic soda. 

Commercial manganese dioxide (pyrolusite) 
is sometimes adulterated with coal-dust. If .such 
dioxide is heated with potassium chlorate the 
coal-dust burns — often with explosive violence' 
■ — at the expense of the oxygen of the chlorate, 
and this has been the cause of fatal accidents. 
It is, therefore, advisable to test the dioxide 
before use by heating a small quantity in a test 
tube with some chlorate. 


The action of these oxides in facilitating the 
decomposition of the ]30ta,ssium chlorate is 
probably due to the transient formation of 
higher oxides of extreme instability. The oxides 
winch show this action most markedly are 
those which form unstable higher oxides. The 
action of spongy platinum hs less clear, but 
is probably connected with the tendency of 
that substance to condense oxygen on its 
surface. 

4. By heating a concentrated solution of 
bleaching poualer (or any hyj^ochlorite) to A\diich 
a small quantity c>f oxide of cobalt has been 
added, it is resolved into calcium chloride and 
oxygen : 2GaOGlad-4CoO=2CaCl2-j-2Clo.p3 and 
2Co203==4(JoO-|-()jj. The decomposition is shown 
in two stages to exhibit the action of the 
oxide of cobalt. It is not necessary to mse 
pre-forraed oxide of cobalt, as any salt of co- 
balt will answer the same purpose;. The oxides 
of copper, iron, and nickel are similar in their 
action. Instead of a solution a thick paste of 

1 and water may bo used if a 

i . , >f paraffin oil is added. The 

oiJ, floating on the surface of the pasty liquid, 
prevents the frothing which would otherwise 
take place. The be.st temperature for the 
evolution of gas is about 70°-80°, at which a 
steady stream may be obtained. 

Another modification of this method is to 
]jass a stream of chlorine into boiling milk of 
lime to which a small quantity of a salt of 
copper, cobalt, or nickel has been added. 
Oxv'gen gas is given off according to the equa- 
tion 2GL-|-2(Ja(OH)o=2CaOl2-|-2H.,OH-03. 

5. From various peroxides — 

(«) When an intimate mixture of 3 mols. 

barium peroxide (2 parts by weight) and 1 mol. 
potassium dichromate (1 part by weight) is 
treated with dilute sulphuric acid, oxygen is 
' .’red at ordinary temperatures 

■ -. J. [ii.l 5, 436). 

h. If 500 c.c. of commereial hydrogen per- 
oxide (10 p.c. solution) are introduced into a 
suitable generating lla.sk, and a solution of 
25 grms. of potassium jiermanganate in 600 c.c. 
of water, mixed with 25 c.c. concentrated sul- 
phuric acid, is allowed to flow gradually •into 
the mixture from a dropping funnel,* oxygen 
will be rapidly evolved without the application 
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oi heat, the amount of oxygen obtained from 
these quantities being about 10 litres. 

(c) .Baumann recoininends (Zcitsch. anorg. 
Ohein. 1890, 70) charging a Kipp apparatus witli 
pieces of pyrolusito of 2-4 min. diameter and 
using as the activating liquid commercial 
hydrogen peroxide to which, while well cooled, 
150 c.c. of strong sulphuric acid has been added 
per litre. The evolution of the oxygen is steady 
and continuous. Neumann recommends the 
use of cubes made from 2 jiarts barium peroxide, 
1 part pyrolusite, and 1 part gypsum with 
hydrochloric acid of sp.gr. 1‘12 as activating 
liquid, but the oxygen evolved by this method 
contams traces of chlorine. 

(d) If water is dropped on to broken pieces 

of fused potassium, sodium or potassium- 
sodium peroxide, a steady stream of ox 3 'gen is 
evolved. Walter recommends fusing 100 grms. 
sodium peroxide, 100 grms. potassium nitrate, 
and 25 grms. magnesia; hychochloric acid is 
then, dropped on to the cold ' ’ ■ ■ 

(e) If a mixture of equ ^ ■ 

peroxide and a salt r^rtn-'rir •.v.'ir-" of crystal- 
lisation, such as ? i. ,is gently 

heated, oxygen is evolved in a steady stream. 

6. On passing a mixture of steam and 
chlorine through a red-hot porcelain tube, filled 
mth fragments of porcelain to increase the 
heating surface, the chlorine combines nuth the 
hydrogen of the water and oxygen is liberated : 
2iIa0+2Cl2=4HCi-t-02. 

_ 7. By the electrolysis of water slightly 
acidulated with sulphuric acid, the water is 

I-—' -I oxygen, the latter 

• : 2H20=2H2+0,. 
This lorms a convenient method of obtaining 
small quantities of pure oxygen, such as arc 
required iu gas analysis. 

S. Oxygen may be prepared from such 
highly oxidised compounds as peroxides of 
lead and manganese, potassium dichromate and 
perinanganate, &c., by the action of sul- 
phuric acid. These are, however, seldom used 
as sources of gaseous oxygen, but are very 
useful as oxidising agents. Thus hydrochloric 
acid, when treated with sulphuric acid and 

potassium 'v oxidised to hypo- 

chlorous ■ ■ treated with sul- 

phuric acid and manganese dioxide yields alde- 
hyde and water. The following equations re- 
present the changes which take place when 
mangairese^ dioxide and potassium diehromate 
are respective^ treated with sulphuric acid : 

2112804 - 1 - 2]VIn02=2MnS04-f2Ho0-fO„ 

and SH 2 S 04 -f 2 K 2 Cro 02 

=2K2S04+2Ci-2(S04)3-l-SH„0-h302. 
The change is rendered visible in the latter case 
by the formation of a deep-green salt of cliro- 
mium, the solution being previously of a red 
colour. 

9. \Wien fresh leaves, such as mint or 
parsley, are exposed to the infiuence of sunlight 
m an inverted cylinder filled with water satu- 
rated witli carbon dioxide and standing in a 
basin of the same liquid, oxygen appears after a 
time in nnmite bubbles on the leaves, and collects 
m the upper part of the jar. This method of 
liberating oxygen is of interest as being that 
which ficcurs in nature, by means of which the 
loss of atmospheric oxygen continually taking 


place from combustion and re.spiiraiion is re- 
placed. 

Several other niode.s of preparation whicli, 
in addition to their tlieorcticfd iidcrcst, are of 
jiracbieal and technical valiu', will he treated of 
in the following section. 

B. On the industrial scale. 1. The iirst 
method xiroposed for obtaining oxygen on tlie 
large scale was the ignition of nitre, and tlii.s 
method, jin various modifications, lias formed 
tho basis' of several patents. The first oxygen 
patent occurring in tho records of our Pal cut 
Office, is No. 12530, S. Wliiic, 1849. .But flu.' 
oxygen so obtained was contaminated wit h oxide.s 
of nitrogen, and this method has not proveil 
advantageous. It deserves mention, however, 
as being the means by which Priestley first ob- 
tained impure oxygen in 1771. Ho then be- 
lieved the gas to be ‘ fixed air ’ (carbon dioxid('), 
and only recognised his mistake 3 years after- 
wards, when he obtained oxygen from mercuric 
oxide. 


JLUis was 


2 . Jby nearing ■■■ ■ 

formerly one of tb of prepar- 

ing oxygen on tho commercial scale. 

3. By heating a mixture of potassium chlor- 
ate and about ono-cigbth of its' weight of man- 
ganese dioxide. Though more costly than tho 
last-named, tins method is more easily carried 
out, and was, until within tho last 30 years, 
almost exclusively employed in tho preparation 
of tho considerable quantities of oxygen used 
for lime-light purposes. 


4. r.- 
by heat : ” 
phuric i 
and is thus decomposed. 


of sulphuric acid 
I2O-J-O0. Thosul- 
, on red-hot surfaces. 
If the oxygon alone is 


wanted, the emergent gaseous mixture is pa.sscd 
over media suitable for tho absorption of tho 
water and sulphur dioxide. As a method for 
the preparation of oxygen only this process has 
not found much favour, but it has been very 
largely and succcs.sfully used in tho prepara- 
tion of sulphur trioxide, where, the water 
being removed by a desiccating agent, a mix- 
ture of sulphur dioxide and oxygon in tho 
desired proportions is at once obtained. It i.s 
tho process suggested by Squire in his patent 
for the manufacture of suliihur trioxide (Enii:. 
Pat. 3278, 1876). ^ ^ 

5. By the dialysis of air. Many atterapl.s 
have been made to utilise the laws of dijru.si(;n 
of gases through porous septa, discovered by 
Graham, or the property of caoutchouc when in 
thin layers to allow oxygen to pass througli it 
more readily than nitrogen. Several patents 
have been taken out for processes of this kind, 
but with no practical success, and the phono- 
mena do not seem likely to lend thoniselves to 
the production of oxygen on the largo scale. 

6. Better success has attended tho endeavour 
to make use of tho greater solubihty of oxygen 
than of nitrogen in water or other solvents, 
^llet, who took out a patent for this proce.sB 
(Eng. Pat 2137, 1869), compressed the ah ovS 
water.^ Ihe coeffiejent of solubility of oxygon in 
water IS about twice that of nitrogen. The oxygen 

'^^^^®olved in greater proportion 
than the nitrogen, and when the excess of pres- 
sure was removed and the dissolved gases ex- 
tracted by the aid of a vacuum pump, the amount 
01 oxygen in the gaseous mixture was greater 
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than in air. This mixture was then repeatedly 
sui)jecte(l to the same tircatmont, when, after 
about eight absoriitions, nearly ])iire oxygen was 
olitainccl. 'I’lic following table, given i)y 
Mallet (Dingl. poly. J. 199, 112), shows the 
composition of the gaseous mixture at each 
successive stagci of the operation 


Composition after successive absorptions 


Spheric, 
air ! 

1 

1 “ 

3 

4 

5 

1 ® 

7 

8 

N=:79 

66-7 

52-5' 

37-5 

20-0 

15-0 

9-0 

5-0, 

2-7 

0=21 

33-3 

1 

47-5 i 

1 

62-5 

! 

175-0 

85*0 

91-0 

95-0 

97-3 


This process was used by Phillips in 1871-72 
to obtain oxygen for his experimental lighting 
of part of Cologne by special oxygen-fed oil 
lamps, but beyond this docs not apjjcar to have 
been practically applied. 

7. By the alternate oxidation and de-oxida- 
tion of cuprous chloride. Cuprous chloride, if 
exposed to air, and especially to moist air, is 
oxidised to cupric oxychloride, and this, when 
heated to dull redness, gives off oxygen, anrl is 
reconverted into cuprous chloride. 

{a) 2CuoCl2-f-Oa=2Gu.,OCL„ 

{h) 2CU2OCI2-2OU2CI.I+O;. 

Mallet obtiiiniid patents (Eng. Pat. 2934, 
1865, and 3171, 1806) for the practical ulilisa- 
tion of this method as a continuous process for 
obtaining oxygen from the air, but it has not houn 
foimd cv .■;,ilable on tho largo scale. 

8, By formation and decom- 
position of alkaline _ ■'■''iion an 

oxide of manganese, is ■ ■ propor- 

tions with a caustic alkali (potash or soda), and 
is subjected to the action of air at a moderately 
high temperature, an alkaline manganate is 
formed. If this manganate is then heated to a 
bright-red heat, and a current of steam passed 
over it, it is resolved into its original constituents 
with evolution of oxygen (C. M. Tessib du Motay 
and 0. R. Marechal, Eng. Pat. 85, 1866), 
2MnO..-|-4NaO^" ' .+2H..0 ; 

2NaoMn04-l--' ■ ■ \ +30“; 

Mn203-f4Na011-|-30(air)==2iMa„Mn04-|-2Iia0. 

The mixture was introduced into horizontal 
retorts, vdiich wore heated to a dull-red heat 
while a current of air was passed through. 
After oxidation was complete the supply of air 
wa.s cut off, the retorts wore heated to a bx-ight- 
red heat and a current of .steam admitted when 
oxygen was evolved. Tho retorts were then 
allowed to cool again to a dull red, the x>assagn 
of air again commenced, and so on. Tho mix- 
ture was said to undergo no deterioration, and a 
continuous and very economical method of 
obtaining oxygen seemed attained. Works wore 
erected, and the x)roce.ss carried out on the large 
scale at Paris, Lille, Brussels, Vienna, and New 
York, and large quantities of oxygon AVere made. 
A large part of Paris was laid Avith a double 
system of piping Avith the intention of lighting 
that city AAuth tho oxy-hydrogon light, and the 
Ncav York Company carried out by the same light 
the lighting of the AA^orlis during the building 
of the Brooklyn bridge. But it Avas found in 
practice that the mixture did deteriorate, the 
yield of oxygen rapidly diminishing, and finally 
ahnost ceasing. This was probably due to the 


' ' fcaining the intimate mixture of 

■ . hygroscopic and very .soluble 
soda with tho manganic oxide, tho forimn settling 
to the bottom tlu'ough the combined effect of 
the heat and steam used. 

Many attempts have been made to overcome 
tho difficulties of the manganate process. 
BoAAunan (Eng. Pat. 7851, 1890) claimed to 
have overcome this difficulty by making the 
allcaline manganate ■” r -.----p-r form and 
dusting over the ^1 . , still in 

a plastic condition, Avith oxide of cojDper. 
Parkinson (Eng. Pat, 14925, 1891) claimed 
improved modc.s of preparation of the material 
together Avith the use of a vacuum in jAlace of 
steam to cause the evolution of the oxygen. The' 
manganate material, in upright iron retorts, Avas 
heated to about 1200°, and air pumxxed in under 
pressure to effect oxidation, tho pumps were 
then automatically reversed and the oxygen 
draAvn off under greatly reduced pressure. 
Fauta’s claim (Eng. Pat. 3034, 1891) mainly 
consisted in increased stability of the material 
by the use of excess of caustic soda, and Webb’s 
resembled Bowman’s, except that the pieces of 
manganate material Avere dusted over A\dth 
manganese peroxide instead of Avith oxide of 
copper. In Chapman’s process (Eng, Pat. 
11504, 1892) ' oxide of manganese (or the like) 
in a powdered form is kept susxAended in fused 
soda (or the like) so that the charge is practically 
in the condition of a liquid,’ and the alternate 
supplies of air and steam Avere driven into the 
liquid at the bottom, thereby keeping the oxide 
in a state of suspension. But though these 
modifications haAm been tried on tho practical 
.scale, none of them has ixrovod commercially 
economical. 

9. Ka.ssner (Eng. Pat. 11899, 1889) found 
that Avhen an iu'timate mixture of lead oxide and 
chalk is heated to 600° in contact Avith the air, a 
calcium plumbato CaaPbO^ is formed. If this 
plumhate i,s then introduced into a solution of 
potassium or sodium carbonate it is docomj)osed, 
an insoluble precipitate of calcium carbonate 
and lead peroxide is formed, and caustic potash 
or soda remains in solution. This is removed by 
decantation, and tho precipitate Avashed. The 
j)recfpitate, in AAffiich the lead peroxide is, of 
course, the active part, may then either be used 
directly as an oxidant, or it may bo introduced 
into a decomposing vessel, dried Avith super- 
heated steam, and heated to about 500°, when 
oxygen is evolved, tho mixture of lead oxide and 
calcium carbonate left being then ready for re- 
generation. Tho decomposition of tho plumbato 
may also be effected by suspending it in water 
and treating with carbonic acid. Tho folio Aving 
equations indicate the reactions taking place : 

20aC03-|-Fb0-l-0(air)=:Ca.,PbO4-|-2C0o ; 
Ca2Pb04-l-2Na2C03-|-2H„0 

=4NaOH-l-2Ca0O3-HPbO., ; 
2CaC03+Pb02==2CaC03-hPb0-|-0. " 

The iirvontor lays stress on tho clioapnoss of 
the process OAving to the caustic soda obtained 
being a valuable by-product. The complexity of 
the process and the large amount of labour 
entailed by it, leave very little chance of its being 
practica" ” ' possibly in ohomical 

works, • ■ ■ . ’ ■ i ■ • ; . 

with the manufacture of ' b. " ■ 

hero its economy is very doubtful. ** 
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The decomposition of the plumbato into lime 
and lend peroxide may also be effected in siiu by 
means of a. ctirront of moist furnace gases at 
80°-10U“, and the oxygen then liberated by rais- 
ing the temperature. Tlie great changes of 
temperature, however, thus involved, render 
the method impracticable, and in addition the 
sulphur irai)urities in the furnace gases rapidly 
deteriorate the mixture. 

Salamon (Eng. Pat. G553, 1890) proposes to 
decompose the calcium plumbato without re- 
moving it from the producer in which it is 
formed by allowing the temperature to fall ‘ to 
a certain point,’ and then introducing a current 
of pure carbon dioxide. The following reaction 
then occurs : 

Ca2Pb04-l-2C02=2CaC03-l-Ph0-l-0. 

This necessitates the use of at least four times 
the volume of carbon dioxide as of oxygen 
obtained, a condition which at once puts the 
process out of the question as a technical and 
economical one. It has been suggested that the 
quantity of pure carbon dioxide required may be 
largely reduced by carrying out the earlier part 
of the reaction by means of the carbon dioxide 
in furnace gases, aird using it j)ure only at the 
last. But the drawbacks so introduced fully 
neutralise any advantage. 

10. By the alternate formation and decom- 
position of barium peroxide. In 1851 Boussin- 
gault found that when barium oxide (baryta) 
is heated to a dull-red heat in a current of air 
it is converted into barium peroxide, and that at 
a higher temperaiuro this peroxide is again re- 
solved into barium oxide and oxygen. But his 
attempts to utilise this reaction as a practical and 
economical source of oxygen failed oving to the 
fact that after a ferv oxidations and deoxidations 
the baryta lost its power of rc-ahsorhing oxygen. 
Many other attempts were made to overcome this 
diilieulty, but for long withoiit success. In 1879, 
however, the MM. Brin frferes were more success- 
ful, and took out a patent for the process (Eng. 
Pat. 1410of 1880). Further i""pTrv-:-‘'K' ‘ 
made under the auspices of ti'-:- ( i mi-- 

to develop and work the patents, and the process 
was made practical and economical, and was 
worked on a large scale at various places. 

T1 Qjp baryta is mainly 

■ ^ ■ ■ i physical condition, the use 

of reduced pressure during deoxidation, and 
consequent avoid*' t • . ’ . ' ■ - 

Ijcratnres, • and 

the air used. It . ■ ; ' ■ . . 

with change of 

; . . phases of oxidation 

. ' ' ■■■ ■ . ■' ! ■ ■■ the oxidation nor 

tho deoxidation is as complete as when two 
temperatures are used, and the yield per opera- 
tion is much less. But tho duration of the 
operation was reduced from about 4 hours to 
8-16 mins., and the total daily yield therefore 
largely increased. At the same time the opera- 
tion was much simplified, the wear and tear of 
furnace, retorts, &c., very greatly reduced, and 
the fuel required lessened. Labour was also 
economised, tho multiplied reversals of cocks, &c., 
necessitated by -I ’ -'r- ■ ' ■ method of 

working Jjeing c , : ■ _ by revers- 

ing gear 'Sesignecl by Iv. K. Murray. 'Plie labour 


required was therefore little more than that 
needed for stoking the furnace, and oiling iind 
supervising the pumji.s, &e. The oxygen 
obtained had a purity of about 93-96 p.c. 

For a producer capable of delivering 10,000 
cubic feet of oxygen per 24 hours the consump- 
tion of coke in tho furnace is about 12-16 cwt. 
per day, and for })lant of that or smaller size tho 
pump yiower required is about 1 l.H.P. per 1000 
feet of oxygon produced per day, the ratio de- 
creasing for larger plants. 

It is necessary that tho barium oxide should 
be as bard and as porous as possible, and this 

is best obtainc'^ ’7 by igniting the 

nitrate. The ■ . . decomposition 

soon commence.s with evolution of a mixture 
of oxygen and oxides of nitrogen. This action 
continues for about 2-3 hours, during which 
time the contents of the crucible remain in 
ebullition. A jiorous mass is then loft, which 
is heated for another hour to complete, as 
far as j’ossible, the decomposition. In this 
way a very hard but also very porous baryta is 
obtained. 

This process wa.s thorough^ practical and 
economical, and largo numbers of plants were 
erected all over the world and worked success- 
fully for many years. It was desciubctl in 
detail with illustrations of plant in the first 
edition of this dictionary (see also K. S. Murray, 
Proc. I. Mech. E. 1890, 131 ; Thorne, J. Soc. 
Ohem. Ind. 1890, 246). Some plants are still 
working, hut in the last few years tho jirocess 
has been largely su])C‘r.sedcd by' the still clieaper 
liquid air process, which also produces oxygen 
of greater purity (v. infra). 

Cost of 2»'odu(:tion. It is very difficult to 
obtain data of the cost of production of 
oxygen under the earlier methods described, 
but the following figures probably approxi- 
mate to the cost per 1000 cubic feet : — from 
^ chlorate 81.—1QI., from pyrolusite 4k-6Z. ; from 
sulphuric acid 2L 10,s.-3/. (proha’ f' ’ . ■ 

only the oxygen and not the . / ■ 
is utilised) ; by tho Tessie du Motay process 
31.-41. ; by the Brin process 7s. -12s. No 
authentic data of the cost of producing oxy- 
gen by dialysis or by solution in water are 
obtainable, but it work’ - ’-i 

high as that by tho I ■ . " ^ process. 

In the Kassner process the cost depends largely 
on the amount realised by the sale of the caustic 
alkali, hut vnuld certainly he prohibitive for 
technical purposes. For cost by the liquid air 
and electrolysis processes, v. infra. 

Pro^xirties. — The International Committee cn 
Atomic Weights has now adopted 0 = 16 as the 
standard of comparison for all atomic weights, 
and under this scale Ii= 1-008 (1-0076 Morley). 
Oxygen is a colourless, tasteless, and inodorous 
gas, of sp.gr. 1-1056 (air=l) ; at 0° and 760 mm. 
pressure a litre of the gas weighs 1-429 grms. 
(1-42893 at 0° and 760 mm., and 0-29071 grins, 
at 1067*4° and 760 mm., Jacquerod and Perrot, 
Compt. rend. 1906, 140, 1642), and at 30 ins. 
prcssui-e and 15-6° 100 cubic ins. weigh 34-206 
grs. 1 grm. of oxygen measures 0-6997 litres 
and 1 lb. 11-84 ft. Oxygen also occurs in an 
active aliotropic form called ozo?ie, which 
is treated of in a separate article {v. Ozone). 

Oxygen normally acts as a divalent element, 
: but in many compounds, especially in many 
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organic compounds liaving somewhat basic 
charactci’istics, acts as a tetrad. When 
examined througli very tliiek and highly c<jm- 
pres.sed layers, gaseous oxygen has a slight 
blue tinge of colour. It is sjiaringly s(jluble in 
water. As with all gases, the qxiantity of 
oxygen dissolved by water ilepends on the 
tension of the oxygen in the atmosphere in 
contact with the water. Thus jmre Avatcr 
shaken up in contact with pure oxj'gen will 
absorb nearly five times as much oxygen as it 
would when shaken up, at the same temperature 
and under the same pressure, with air — which 
only contains 20*9 p.c. by volume of oxygen. 
The following table gives the coefficients of 
solubility {i.e. the volume of oxygon absorbed 
by one volume of water Avhon shaken up Avith 
pure oxygen under 760 mm. pressure) at different 
temperatures as determined by different ob- 
servers : — 



j Coeflicient of solubility 


Bunsen 

Ditt- 

Boseoe 

and 

Lunt 

Wixikler 

Bolir & 
Bock 
(1891) 

Pox 

H 

(1855) 

mar 

(1861) 

(1905) 

o°a. 

0'0411 


_ 

0-0489 

0-0496 

0-0492 

10° 1 

0-0325 

0-0383 

0'0377 

0-0380 1 

0-0390 

0-0384 

20° 

0-0284 

0-0312 

0-0308 

0-0310 

0-0317 

0-0314 

30° 1 


— 



0-0202 1 

0-0268 

0-0207 

40° 1 





1 

0-0233 

0-0233 

50° 


— 

— 

( 

0-0207 

i 0-0209 


These numbers multiplied by 1000 give at 
once the number of c.o. oxj'gon absorbed by a 
litre of water from pure oxygen. 

The older numbers of Bunsen appear, from 
the results of more recent observers Avith more 
delicate apparatus, to be rather too Ioav. 
Winkler gives the folloAving formula for calcula- 
ting the coefficient of solubility (/3) of oxygen in 
Avater at any temperature (t). 
;0=O-O489O-O-OO13413i-f 0-000028312 

-0-0000002963412. 

Fox (Trans. Far. Soc. 1909, [v.] 68-81) gives 
the formula : — 

^=0-0-f924— 0-00134401+0-00002875212 

-0-000000302413. 

The coefficient of solubility of oxygen in 
alcohol at 0° is 0-2337; at 20° it is 0-2201 
(Timofojeff), so that oxygen is much more soluble 
in alcohol than in Avater. 

Nearly all natural Avaters contain oxygen in 
solution and can only be freed therefrom Ijy 
prolonged boiling in vacud. This dissolved 
oxygen, though small in amount, is the source 
from Avhich fish obtain the oxygen necessary to 
sustain life. 

The solubility of oxygon in sea Avater at 
16° is about 78 p.c. of its solubility in pure AA-ater 
(CloAA^es and Biggs). 

Oxygen, though long regarded as a permanent 
gas, AA'^as liquefied in 1877 by Pictet at a pre.ssuro 
of 320 atmospheres, and a temj)erature of — 140°. 
(Jailletet had a fcAv days previously observed 
the formation of a mist due to liquefaction AA-hen 
oxygen at —29° under a pressure of 300 atmo- 
spheres Avas alloAved to expand suddenly. 
Olszewski in 1883 shoAA-ed that the critical 
temperature of oxygen {i.e. the temperature 
above AA-hich no amount of pressure will liquefy 
it) is —113°, the pressure needed to liquefy it 


at tiiat temperature being 50 atmospheres, ’ 
and this Avas confirmed by Wroblew'ski and by 
BcAvar in 1885. 

Liquid oxygen is a pale steel-blue transparent 
and very mobile liquid shoAA-ing a elear meniscus 
(OoAA-ar; OlszeAA'ski) boiling at —182-5° at 760 
mm. pressure. When the pressure is reduced 
or removed, evaporation takes place so rapidly 
that a part of the oxygen is often frozen. 
Solidification takes place under 9 mm. pressure 
at —211-5° (W.), under 172 mm. at — 219° 
(DcAvar, Boy. Soc. Proc. 1911, 85, 589). This 
latter temperature is therefore the lowest 
obtainable by the evaporation of liquid oxygen. 
Travers, Sinter and Jacquerod (Proc. Roy. Soc. 
1902, 70, 484) f6und the b.in of oxygen to bo 
— 182-8° at 700 mm., — 185° at 600 mm., — 188-5° 
at 400, and —193-8° at 200 mm. DoAvar ob- 
tained solid oxygen as a hard, pale-blue mass 
by cooling liquid oxygon in a s^n-ay of liquid 
hydrogen. Its m.^J. is —219° under a pressure 
of 1-12 mm. The density of liquid oxygen 
is 1-1181 at -182-5°, 1-1700 at -195-5°, 
1-2386 at —210-5°, and that of solid oxygen 
1-4256 at —252-5° (Dewar) corresponding to the 
general formula (for liquid and solid) d= 
l-5154-0-00442T° (Avhero T°=absolutc tempera- 
ture). 781-8 volumes of oxygen at 0° and 760 
mm. are contained in 1 volume of liquid oxygen 
at —182-5°. The latent heat of vaporisation of 
liquid oxygen varies Avith the temperature 
(Alt), at 760 mm. pressure {i.e. —182-5°) it is 
50-97 cals., at —205° it is 55-5 cals. The 
specific heat between —200° and —183° is 

0- 347±0-014. The vaimur density at —182° is 
normal. The refractive index of liquid oxygen 
is 1-2236. Liquid oxygen absorbs nitrogen 
readily, absorbing at — ]90-6° 380 times its 
volume, or 42 p.c. of its Aveight of gaseous 
nitrogen, the h.p. being thereby reduced to 
—188-8°. This Avas imobably the cause of the 
discrepancies in the boiling-points given by the 
earlier observers. Liquid oxygen is a very per- 
fect insulator, and is also comparatively inert 
in its chemical ijroperties. Phosphorus, potas- 
sium, .sodium, &c., may he immersed in it Avith- 
out any action taking place (DcAV'ar). 

When liquid oxygen is sulijectod to the 
action of strong light, axrd particularly of 
the ultra-violet rays, some of it is converted 
into ozone (Dewar). It is diathermanous, a 
non-conduct(»r of electricity, but is strongly 
magnetic, its magnetic moment being 1 AAffion 
iron is taken as 1000. The magnetic suscepti- 
bility of liquid oxygen at the freezing-point is 

1- 3 times as great as that of the solid. Its 

susceptibility is diminish ' '■ ■ 

ponded by elevation of ■ ' ' ' . ' 

is the least refractive of ■ ; 

characteristic though not very strong absorption 
.spectrum, but to obtain this it is necessary to 
view the source of light through great thicknesses 
of liquid or through the highly compressed 
gas. The spectrum first appears in tiie form of 
a number of fine lines, but as the pressure is 
increased or a layer of liquid oxygen is employed, 

it shoAA-s a number of broader and shadei! dark * 
bands, AA'ith ' absorption in the 

violet and ' i . ' absorption bands 

have been observed, tAVo in the red corresponding 
to the A and B FraunhoJ'cr lines. The absorption 
spectrum of liquid oxygen is practically identical 
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with, that of gaseous oxygen. Oxygen shows a 
luminous spectrum in a Ueisslcr tube containing 
a bright band in the real, two in the green, and 
one in tiie blue, but tlio spectrum varies under 
varying conditions. 

Tiro chemical activity of air depends upon 
the oxygon it contains, air being simply, in its 
ehomicai relations, oxygen diluted with nitrogen. 
Free oxygen, whether diluted with nitrogen or 
not, manifests considerable chemical activity, 
even at ordinary temperatures, this activity in- 
creasing with rise of temperature. There arc 
only few elements — viz. fluorine, clilorine, 
bromine, iodiire, silver, gold, platinum, neon, 
argon, and helium — which do not unite directly 
with oxygen. Most of the non-metallic elements 
unite with oxygen to form anhydrous acids. 
Of the exceptions, hydrogen forms a neutral 
oxide (water), whilst no oxides of fluorine, argon, 
neon, or helium have yet been obtained. 

Phosphorus combines with oxygen at ordi- 
nary temperatures, as do also moist iron, moist 
lead, moist saw-dust, and many metallic com- 
poxmds such as cuprous chloi-ide, manganous 
’ d - ‘.I . ^ &c. This oxidation 

: p . called autoxidation, 

and substances undergoing autoxidation often 
induce the oxidation of other substances present 
which otherwise ■ ^ 

The alkali me . ■ _ .-i . ■ . 

especially active in this way.' In many cases 

ozone is m- ’uced. Light, and 

particular ■ . > ■ assists oxidation 

by gaseous oxygon. Potassium and sodium are 
at once attacked by dry oxygon at ordinary 
temperatures, becoming coated -with their 
respective oxides, 'bho majority of metals 
remain bright under similar conditions, but 
many become oxidised when moisture is present. 
In some of the metals oxidised by exposure 
to air the first coating of oxide formed acts 
as a protective covering and prevents further 
oxidation, as is the case with load. In others, 
however, the oxide first formed gradually be- 
comes converted into a higher oxide and may 
then give up part of its oxygen to the metal in 
contact with it, and the oxi'dation is thus propa- 
gated through the mass of the metal. The rust- 
ing of iron is not a simple case of oxidation (?;. 
Rust). Some metals which in their ordinary 
condition are comparatively inert towards oxygen 
combine with it readily at ordinary temiieraturos 
when they are in a finely divided state, offering 
a very large surface for chemical action. Thus 
lead or antimony when obtained by the ignition 
of their tartrates, and iron, nickel, cobalt, 
and copper, when reduced from their precipitated 
oxides in a current of hydrogen at a low tempera- 
ture, all ignite i contact with 

air or oxygen, ■ . ! i ■ , ■ finely divided 

state are therefore often termed pyrophori. 
Silver, gold, and jfiatinum are not acted on 
directly by oxygen at any temperature. Some 
metals in a molten state absorb considerable 
quantities of oxygen which is given out again 
wholly or in part when the metal solidifies. 
10 grins, of molten silver at 1020'^ absorb about 
20 o.c. oxygen {v. Donnan and Shaw, J. Soc. 
Chem. Jnd. 1910, 987). 

’ ' ■ ■ 1 and palladium also absorb 
■ '460° .silver gradually absorbs 

■ , ■" ume.s its volume of oxygen. 


gold 35-45, platinum 05-75, and palladium 
about 500 (7 p.c. by weight). Platinum 
black absorbs about 100 times its volume of 
oxygen and palladium .sponge 1000, of which 
the whole is not given uji again below a 
red heat. Wood charcoal ab.sorbs oxygen at 
ordinary teinperature.s — about IS times its 
volume (Goldstein) — but this absorptive power 
increases enormously at very low temperatures. 
At — 185° 1 c.o. absorbs 230 c.c. of oxygen 
with the evolution of 34 cals., and this action 
may he employed to produce an oxygen vacuum, 
the presiBure being reduced to that of a 
Geissler tube (Dewar). 

Theactiv'', S' ' ‘ 

incroa.se of ; ■ ■ . : i iub- 

stances (except under the. conditions already 
mentioned) an initial heating is necessary to 
start free oxidation, the heat evolved during 
oxidation being then sufficient to maintain it. 
O^hus iron heated to bright redness in an atmo- 
sphere or stream of oxygen takes fire and burns 
brightly. A mixture of oxygen and hydrogen 
may be kept at ordinary temperatures for any 
length of time without change, but if the tem- 
perature of any part of the mixture be raised to 
bright redness — either by the tdcctric .sjiark, by 
the presentation of a flame or liy other means — 
ignition at once takes place with explosive force 
throughout the whole mass. Under certain cir- 
cumstances, however, this combination may be 
effected at ordinary temperatures. Thus, if a 
piece of clean platinum foil be hung in the mix- 
ture, comliinatiou takes place gradually at ordi- 
nary temperatures. This ajipears to bo due to 
the power po.sf ■ ’ , - -ii-. -■-•-i.tim, 

and some othci : ■ . . ^ascs 

and especially ■ , . the 

activity of the gase.s so condensed being thereby 
greatly increased. If platinum or palladium 
black or sponge is used instead of foil, the action 
is so much increased that the heat evolved in 
the combination soon raises the temperature of 
the metal to the ignition-point of the gaseous 
mixture, and ordinary combustion ensues. This 
effect has been taken advantage of in the 
Ddbereiner lamp (named after the investigator 
who first noticed this projierty of platinum) 
wherein a piece of spongy platinum is sus- 
pended over a jet connected with an automatic 

- - vessel. When the tap is 

■ ■■ . , . hydrogen becoming mixed 

with air and at the same time impinging on 
the .spongy platinum, oxidation takes place 
rapidly, the platinum soon becomes red hot 
and ignites the jet of hydrogen. Similar effects ' 
are produced with oxygen (or air) and gaseous 
hydrocarbons. 

Various substances which expose largo sur- 
faces to air (or oxygen) become gradually heated 
through slow oxidation or combustion, and, if 
the heat cannot got away, ignition eventually 
occurs. Thus oily or greasy woollen and cotton 
rags and refuse arc capable of absorbing oxygen 
fairly rapidly, and if present in any quantity the 
heat produced may accumulate and cause spon- 
taneous combustion, and this action is a not in- 
frequent cause of fires in factories. A similar 
generation of heat and eventual ‘spontaneous 
combustion ’ often arises from the storing of 
moist hay in hayricks, and from the storage of 
damp coal in ships or heaps. The allegation 
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that the ignition of coal is due to the oxidation 
of pyrites has been disproved by the work of 
ilichters and Lewes, Avho have shown that tho 
heat is generated by the absorption of oxygen 
and its action on the bituminous constituents 
of the coal. 

Dixon, Dakcr, Traubo, and others have 
shomi that even at high temperatures the 
presence of a trace of moisture is necessary for 
free oxidation (combustion), and that in abso- 
lutely dry oxj'gon, sulphur and phosphorus can 
be distilled, and carbon made red-hot without 
combustion taking place. A jet of burning dry 
carbon monoxide is even extinguished when 
introduced into pure and absolutely dry oxygen. 
The presence of the minutest trace of moisture 
is, however, sufficient to restore to oxygen its 
activity. 

Li ordinarily dry oxygon all substances which 
burn in air burn with much greater brilliancy, 
and many substances which do not burn in air 
burn vividly in oxygen. Thus iron, zinc, &c., if 
tho ignition is started by a portion being raised 
to a white heat in an atmosphere of oxygen, con- | 
tinue to burn with great brilliancy and with the j 
evolution of a very high temperature. The ! 
actual amount of heat given out during tho com- I 
plete oxidation of any substance is the same j 
whether the combustion is slow or rapid, and is j 
carried on in air or in oxygen. But it is quite i 
different in regard to tho temperature developed, | 
this depending on the concentration of the heat, l 
and so being higher the more rapid the combus- j 
tion and tho less extraneous matter is present | 
to absorb the heat. Thus, when phosphorus is ' 
burned in oxygen, tho temperature produced is 
very high, atid the combustion takes place with 
dazzling brilliancy. The temperature of a 
hydrogen or a coal-gas Tamo burning in oxygen 
is very much higher than that of a similar I'lame 
burning in air. The temperature of a llanro of 
hydrogen burning in oxygen is 2800° ; of carbon 
monoxide 2000°; and of acetylene 3000°. Those 
facts have been utilised in the construction of the 
oxy-hydrogen and oxy-acetylenc Ijlow-pipes for 
obtaining very high temperatures (v. infra). If 
coal-gas is substitutejd for tho hydrogen, a very 
hot flame is still obtained, but tho tempera- 
ture is not as great as when hydrogen is 
employed. 10 grms. of oxygen combining 
with hydrogen to form water evolve 08,400 
cals. 

Oxygen is tho only gas capable of supporting 
respiration, and forms the -.on- 

stituent of air. In tho pui i ■ in- 

haled for a time with impunity, and acts as a 
mild tonic or oxliilarant. But its long-continued 
respiration is harmful, feverishness and weak- 
ness being produced ; and it becomes poisonous 
if breathed under pressure. Dr. Richardson 
kept a rabbit in an atmosphere of pure oxygen 
at a temperature of 23‘0° for 3 weeks. It 

: ■ ’ all the time, but became so 

■ ■ inability to assimilate now 
material fast enough to supply waste that it 
was found necessary to discontinue tho experi- 
ment. At 7'2° tho rabbit became speedily 
narcotised, and would have died had it not been 
removed. Pdehardson found that cold-blooded 
animals were very little affected by being intro- 
duced into an atmosphere of oxygen, whilst most 
warm-blooded animals (dogs, cats, guinea-pigs. 


&c., but not the ra’’"'' : V’ ■ .1 strong 

febrile [symptoms . , ■ ! , . Some 

observers have noticed very decided narcotic 
effects |i'- i;-;', - I i. ' .-.lumals under those condi- 
tions, i.;,. lib ascertained that this is 

duo to tho oxygen becoming vitiated by repeated 
inhalations. He found that when tho same 
oxygen was used over and over again, although 
purified from carbonic acid, &c., by passage 
over caustic potash, sulphuric acid, &o., the 
animals became speedily narcotised, but that 
when a continuous stream of fresh oxygen was 
emiiloyed this was not the case. This ‘ de- 
vitalising ’ of the oxygen appears to be due to 
traces in tho exhaled gases of some compound 
which is not removed by the ordinary methods 
of purification. The electric discharge very 
quickly re-vitalised tho vitiated oxygen. Elesh 
was found to decom]iosc more readily in devita- 
lised than in pure oxygon. At low temperatures, 
and at very high ones, however, oxygen is de- 
cidedly narcotic in its effect. 

But although in health tho continued inhala- 
tion of nearly pure oxygon is detrimental, its use 
Avhero the action of tho lungs and heart is 
sluggish, as in cases of partial suffocation, of 
collapse in cholera, pneumonia, and other ill- 
nesses, is very valuable, and has been the 
means of saving many lives. Its use in cases of 
cyanosis, gout, diabetes, &c.,has also been found 
advantageous. Wounds and sores are said to 
heal more rapidly in an atmosphere of oxygen 
than in air, and it has been largely used in this 
connection. 

Methods of testing and estimation . — The 

readiest test ■ - -i ' -• ’’ ' , ■ ' 

of moderate ; ■ ■ . ■ . i 

of wood, a property only possessed by one other 
gas — viz. liitrous oxide. When mixed with 
colourless nitric oxide gas, oxygen produces deep 
reddish-brown fumes of nitric j)eroxide, whilst 
nitrous oxide does not. Nitrous oxide is also 
much more soluble in Avater than oxygen. 

White indigo absorbs oxygen rapidly, at the 
same time turning blue. Eor general purposes 
of e.stimation, however, one of tho three follow- 
ing meth*' ' ■ ■ ; 

1. A . ■ ■ chloride in hydro- 

chloric acid (whicli is colourless) absorbs oxygen 
readily with formation of cupric oxy-chloride. 
The greenish-brown solution of this salt may 
1)0 again reduced by keeping copper foil 
in it. 

2. An alkaline solution of pyrogaUol 

absorbs oxygon freely, forming a dark-brown 
liquid. Good results are obtained by mixing 
45 c.c. of a 25 jj.c. solution of pyrogaUol 
(prepared by dissolving 60 grms. in 180 c.c. 
water) with 146 c.c. of 60 p.c. solution of 
caustic potash (prepared b; ” ’ '"’"grms. 

ordinary stick xjotash in ■"■■ ■ . . ■■■ 200 

c.c. of this solution will absorb nearly two litres 
of oxygen, but it is bettor not to push the 
absorption beyond about 450 c.c. as then more 
or less carbon monoxide may be formed. 
Carbon monoxide is also sometimes formed 
when the percentage of oxygen in the gas being 
tested exceeds about 30 per cent. Clowes 
(J. Soc. Chem. Ind. 16, 170, 742) recommends 
the use of a very largo excess of potash to 
prevent the formation of carbon moncjxide. 
He advises 160 grms. potash dissolved in 130 c.c. 
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Wtater, and 10 grms. pyi’ogallol added to the 
alkaline liquid. 

3. Clean luoi.st copper absorbs oxygen Ireoly, 
but a skin of sub-oxide is rapidly formed over 
the copper, which p)revents further oxidation. 
An ammoniacal solution of ammonium carbon- 
ate, however, readily dissolves this sub-oxide 
again, leaving the clean copper. To utilise this 
reaction for analysis a suitable absorption vessel 
is packed vith fine copper wire and then filled 
with a solution composed of equal volumes of 
ammonia of sp.gr. 0'930, and of a saturated 
solution of commercial ammonium carbonate. 
When the gas in which the oxygen is to be 
estimated is introduced into the vessel and 
displaces the liquid, a large surface^ of clean 
copper is exposed, and the oxygen is rapidly 
absorbed. When the residual gas is removed, 
the liquid again fills the vessel and dissolves the 
sub-oxide of copper formed, leaving the copper 
clean for the next anatysis. 200 c.c. of this 
solution will dissolve the oxide formed by the 
absorption of about 4 litres of oxygen, but it is 
advisable to renew it after the absorption of 
about 3 litres, as otherwise a good deal of a 
yellowish-brown precipitate (probably an am- 
monia-copper compound) forms w'hich renders 
the renewal more troublesome. A little fresh 
copper wire must be occasionally added as that 
in the vessel gets used up. 

For all these tests Hempel’s, Orsat’s, or 
Stead’s apparatus {see Analysis) answer _well 
for all but the most delicate determinations. 
With these an oxygen determination can easily 
bo made in 10 mins. 

If the first method is employed, the gas after 
absorption must be freed from hydrochloric 
acid by means of potash. 

The property of ■ phosphorus of absorbing 
oxygen at ordinary temperatures is also some- 
times used for analytical purposes, but this is 
not a generally convenient method. A hydro- 
chloric acid solution of chromous chloride or an 
allcaline solution of ferrous tartrate may also be 
employed. 

Applications of oxygen . — Oxygen has been 

’ ^ io maintain the air in a re- 

! ■ in places w'here it can- 

not be replaced, as , in diving-bells, submarine 
vessels, &c. Its use has often been suggested in 
connection wdth the ventilation of large halls, 
theatres, &c., but the cost has hitherto proved 
too great for its adoption. 

It is employed in conjunction with hydrogen 
or coal-gas to produce the oxy-hydrogen and 
oxy-eoal-gas flames in which platinum can be 
melted, silver distilled, &c. One application of 
the.se flames is in the production of the Drum- 
mond or lime light where the intense heat of the 
flame is made use of to raise a lime cylinder to 
a white heat and thus obtain an intensely vivid 
source of light. The oxy-hydrogen and oxy- 
coal-gas blow-pipe is also used for the brazing of 
metals, autogenous soldering, the blowing and 
manipulation of hard-glass apparatus, and for 
many other purposes wflere very high tempera- 
tures and local heating are required {v. also 
infra). 

Oxygem is used for many purposes in the 
laboratory, and, as already mentioned, for some 

1 ’ in found that the 

! ^ ^ ■ (up to G or 7 p.c.) 


of oxygon wdth nitrous oxide during anEssthetising 
wath that snbsUncc prevonis or roduot'.s the 
tendency to convulsions exjierienccd with ])ure 
nitrous oxide, without reducing appreciably it.s 
anae-sthetic ])OAver. Johnson ha.s shown (-1. 
pr. Chem. [i.'| 49, 148) that ana;.sthesia may be 
produced with nitrogen equally as well as with 
nitrous oxide, and that a mixture of nitrogen 
with 5-7 p.c. oxygen forms a very .satisfactory 
ansesthctic, producing slight or no convulsions. 

Oxygen ha.s been apj)lied in the purifica- 
tion of coal-gas from Hul]fiiur compounds. It 
is found that if from 0-5-1 ]).c. of oxygen is 
added to the crude coal-gas before it enters the 
purifiers the reduct ion of the sidphur compounds 
to 8-12 grs. ])er 100 cubic fc-et of gas may be 
effected by lime alone, the use (jf oxide of iron 
or lime sulifiiide being uiuuujessary. If oxide of 
iron is used, its cllici(!ncy is increased. In any 
case the purifying space needcul is les.sGned, tlui 
life of the purifying material is lengthened, and 
the luminosity of the purified ga.s is consider- 
ably increased. If lime is used for purification 
the fouled lime (‘ blue billy ’) hn.s not the ob- 
jectionable odour which it usually p)o,ssc‘.s.ses 
(Valon, Trans'. Gas. Inst. 1889, 41). 

It has been found that if, during the bleach- 
ing of paper jnilps and other materials with 

’ ■ I -en in n fine state of 

■) the bhiaching potcher, 
a great saving of bleaching pow'der i.s effected, 
the bleaclicd fibre also being stronger in texture 
(Thorne, J. Hoc. Chem. Ind. 188i). '83). 

Pure oxygen is id.so advantageously em- 
ployed in the oxidtdion and thickening of oils 
for varnish and linoleum ■i)urposes. I’he 
thickened oil is paler in csdour than boiled oil, 
the danger is le.sH, as only steam heat is needed, 
and the thickening, besides being much more 
rapid, is accom])anied l)y increase of w'eight in- 
stead of by lo.ss of w'eight as in the ordinary 
proce.SH of boiling. 'Tin* use of driers is also 
unnece.ssary (Eng.' Pat. 18(i28, JS8f)). 

Oxygen is now .soracstimes usf.'cl to hasten the 
maturing of spirits, the same elfcict being pro- 
duced in a few' hours or days by means (jf ])ure 
oxygen acting on the s])irii in a finely divided 
state as occurs uufler the ordinary nietho<l of 
storage in casks in 2 or 3 years. 

Proposals have been made to use a mixtures 
of oil gas and oxygen as an illuminating gas 
(Tatham, Eng. Pats. 13793, ]f>138, and 16142, 
1889). It Ava.H found that, if 15-30 p.c. of 
oxygen is added to an oil gas retorted at a low' 
temperature from a heavy and erude petroleum, 
a gas of very high illuminating pow'cr and of 
good travelling properties is obl-ained. The gas 
i.s a perfectly safe gas, as about its owur volumes 
of oxygen mast be added to a lusavy oil ga.s Isefore 
an cx))lf),Hive mixture is formc'd. The same 
inventor propo.sed {l.c.) to use carburetted 
oxygen as a motive gas for (sngines, &c. Ho 
claims that Avith prtjjjerly constructed valves, 
&c., perfect safety is .secured, and that the greud, 
expansive forces' of carlturedleul ejxygeir em 
ignition givers re'sult.s far .sApjeuior to those ob- 
tained in the orelinary ste^am or ga.s engine. 

The ALSO in the manufacture! of vinegar of 
small queintities eif oxygeui to act as a stimuhinb 
on the mycoderma has been found to consieler- 
ably increase the rate ejf acetilication. 

L. T. T, 
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The Production oir Oxyoen by the 
Liquefaction of Air. 

Shico 1902, the liquid air proceas for the 
prutluction of oxygen has rapidly come to tlie 
front and with the single exception of the 
electrolytic method it is now the oxygen process 
almost exclusively employed for commercial 
purposes. 

The separation of liquid air into its main 
constituents, oxygen and nitrogen, was a problem 
which for many years, jirior to 1902, occupied 
the attention of physicists and chemists who 
have studied the practical production of ex- 
treme cold and the liqucfacticni of gases. 

It was, how(!ver, not until 1895 that the 
first real stcji of importance was taken in the 
practical production of liquid air. in that year, 
Carl von Linde took out a patent (Eng. Pat. 
12528, 1895) for an apparatus which marked a 
new era in the production of liquid air and 
. 1 . 1 .. jT_ j(3j.ious stci) in the separation 

It had been proved by Thomson (Lord 
Kelvin) npd Joule that if compressed air were 
allov'ccl to expand without doing external work 
tliere was a slight fall of temperature due to the 
fact that internal work must be done in such 
expan.sion. Linde iirst realised ^ that this 
cooling effect increased very rapidly as the 
temperature fell, and in his patent of 1896 he 
utilised the fact to make a most jjractical and 
effective air-liquelier. Ho took highly com- 
pressed air at ordinary atmospheric temperature 
and caused it to pass through a coiled copper 
pipe contained in a well insulated heat inter- 
changer. so constructed that the air which was 
allowed to expand through a throttle valve at 
the lowc.r end of the coil was then caused to 
])ass back in a revenged flow through the inter- 
changer in intimate contact with the external 
surface of the pipes, through which the com- 
pressed air was passing on its way to the expan- 
sion valve. The principle of regenerative 
cooling was thus established between the ex- 
panded and compressed air with a self-intensive 
cooling effect which continued to increase until 
the cold became so great that a portion of the 
incoming compressed air was liquelied and 
collected in the vessel. Linde employed no 
Xireliminary cooling of the air and by this simjjle 
construction of self-intensive counter- current 
interchanger, there! is no doubt that he originated 
;■ . " ■ ipparatus of much scientific 

. . jt perhaps of much direct 

Xiatent, Linde did not aim 
merely at providing a simple method of pro- 
ducing liquid air : his real object was by lique- 
faction and subseciuent fractional evaporation 
to separate its constituents in order to obtain 

‘ It is a coin(!i(lence in tfie luHtory of invention that 
the EnR. Pat. 1()1()5 of 1805 was applied for by an 
Enalisliman, Lr. William Hampson, a few weeks 
before Professor Carl von Linde took out lus British 
Patent. Hampaon’s patent is held by some to antici- 
pate Linde in this country although there is no ciueation 
as to the laiority of fande elsewhere. The terms of 
Hainpaon’s provisional siiedflcation are somewhat 
.•imbiRuous and it is difficult to say how much credit 
should be attaclied to this ^niljlication. Pull details of 
Linde’s apparatus were made known liefore tlie com- 
pletion of Hampson’s iiatent so tliat unf'ortunat(!ly Ids 
claim to priority has to stand on his inovisional 
specification alone. 


oxygen of commercial purity. To do thi.s, 
Linde relied on the fact that nitrogen being 
more volatile than oxygen the vapour from a 
liquid mixture of the two was richer in nitrogen 
than was the liquid itself. This x^iocess of 
fractional evaxioration did not, however, x^rove 
successful. It was found by experiment that 
under the most favourable conditions in order 
to obtain a residue containing 60 p.c. of oxygen 
70 p.c. of the liquid had to bo evaporated, and 
that the further evaporation was carried the 
greater became the proportion of oxygen lost 
in the vaxiours. Thus in the end when the 
liquid axiproached the ordinary commercial 
standard of purity in oxygen its quantity had 
become so minute as to bo practically valueless. 

The following table, x^i'cpared by Linde 
from his own experiments, clearly shows how 
the composition of the liquid changes even 
under the most favourable conditions, viz. 
during slow or quiet evaporation. 


Per cent, of 
liquid not 
yet eva- 
porated. 

Per cent, of 
oxygen in 
lifluid. 

Per cent, of 
oxygen in 
vapour 
coming off. 

Per cent, of 
original 
oxygen still 
in liquid. 

100-0 

2.3-1 

7-6 

100-0 

50-0 

37-5 

16-0 

80-0 

30-0 

50-0 

23-0 

65-0 

20-0 

CO-0 

34-0 

62-0 

16-0 

07-5 

42-0 

43-0 

10-0 

77-0 

62-0 

33-0 

6-0 

88-0 

70-0 

19-0 


Between 1896 and 1902, many patents were 
taken out for the production of liquid air, and 
the separation of its constituents. Nearly all 
appear to derive their inspiration from Linde, 
the low tcmxieraturo for liquefaction of the air 
being obtained in practically every case by his 
nozzle expansion self-intensive system, whilst 
fractional evaxioration of the liquid was in- 
variably the system employed for obtaining 
oxygon. 

As a matter of historical accuracy it must bo 
admitted that for the seven years following 
Linde’s patent of 1896 no substantial progress 
was made towards the industrial separation of 
oxygen from liquid air. It was not until 1902 
(Eng. Pat. 14111, 1902) that Linde himself 
took the final step which solved that problem 
and laid the foundation for what is to-day un- 
■l.iid''' !’..■■ cheapest and best x'locess for 
. [■• u.i; ; (■!' oxygon. 

It has already been shown that to obtain 
oxygen from liquid air by fractional evaporation 
a serious loss was entailed of the very substance 
that the xitoccss was designed to produce. It 
was this difficulty which Linde solved in his 
patent of 1902 and he accomplished it by 
adapting to the treatment of liquid air the 
process of rectification long known and employed 
in the production of alcohol (.see Aloohol). 
Linde himself regarded his 1902 invention solely 
as an addition to the method of obtaining 
oxygen from liquid air by means of fractional 
civaporation as clescribed in his 1895 patent and 
lu! ordy claims it as such. By introducing a 
rectification column, however, on the top of'ihia 
evaporation chamber he not only succeSded in 
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arruHtiug tlio oxygon which was formerly lost 
but actually employed it to form part of a 
continuous rectification xcroccss for the produc- 
tion of oxygen in a state of remarkable purity. 

The airai)lost form of the Linde Oxygen 
Separator as employed to-day embodies all the 
essential features of his 1902 patent, so that a 
brief description of the actual machine with 
special reference to the accompanying diagrams 
may bo taken as describing all the important 
characteristics of the apparatus as set forth in 
the specification and claim of that patent. 

Eig. 1 rejuosents diagram matically the 
sectional clevatir)n of a Linfle separator capable 
quantities of oxygen of 
. The circular upper portion 
I . . ■ : ■ if of wood, contains in its 

! ■ . .-I ■ column A, whilst '|\the base 

■ . . in the form of a hexagon 



(sontains the vapourising, or distilling chamber B, 
y\.ll clearancfj spaces are packed with sheep’s 
wool or otlier suitable insulating material in 
order to prevent the peiu;tration of lioat from 
outside sources, c is the counter-current intcr- 
(ihangfjr constructed In the form of a large 
cupper spiral pipe and containing throe small 
copper i)ipcH ci, one of which is enclosed in a 
larger pipe e, as indical.cd more clearly in the 
H(!(!tional fliagram, t’ig. 2. Ci is an extension of 
th(s main spiral pipe to the top of the rectifying 
eolunm A willi a gas {)r vapour eoilectiug funnel it 
iu'oieoting withiii the sajiie. Cj. is an open funnol- 
cnd'c.d extension of the pipe c at the top of the 
vapourising cluimbor B. The pipe coil 
sliown ii ■ ■ ■■.■■iOi.i;:r-i'ig chamber, is connected 

(it one i \ : ''.-iil'. he small pipes d, con- 

tidned in the ' counter-current interchanger. 
The otlier extremity of this pipe is connected 


with the inlet of the valve box G, to the outlet of 
which another pipe is connected as shown. 
This pipe is carried upwards and enters the 
rectification column near the top where it is 
fitted as shown 
with a rose end, 
the function of 
which will bo 
explained later. 

With this 
preliminary de- 
scription of the 
essential parts, 
the working of 
the apparatus 
can now be n 
readily fol- w 
lowed. There 
are two stages Eio. 2. 

in the working. 

Mrat, the preliminary cooling down and pro- 
duction of liquid, and second, the separation 
of oxygen from the liquid. 

In commencing to work the machine, air at 
normal atmospheric temperature, or lcss,_ and 
at a pressure of about 2000 lbs. per sq. in. is 
conveyed from a gas compressor of suitabuj 
construction through the main pipe B, into the 
three small pipes d of the counter-current intor- 
changer. Itpasses down these ■’ ’’ 

the pipe coil di in the vapouri . 
the valve box a. At this iioint. by the adjust- 
ment of the regulating valve spindle ii, the air 
is caused to expand from a high to a low pressure 
and is discharged at ihi.s low pressure through 
the rose ended pipe do into the top of the rectifica- 
tion column. This -xnmulrd r,--" fills the column 
and then fiows iiroiig'i -.h'- only two possible 
outlets, c and c, into the counter-current inter- 
changer, in a reverse flow to the incoming high 
pressure air, leaving the apparatus through tlie 
pipes 0 and B as indicated. 

It is at the valve a that Linde obtains fho 
Thomson-Joule effect to which rofcrence has 
already been made and regenerative cooling 
occurs in the counter- current interchanger where 
the incoming compressed air parts with some of 
its heat to the ■■ ;■ r- -■’>-•-1- has been ren- 
dered colder b; is : • ■ ■ ■ ■■ drop on ex- 
pansion. The the 

whole apparatus goes on : ■ ' .'itil a 

temperature is ultimately reached at which the 
expanded air begins to liquefy and collect in 
that state round the coils in the vaponriser b. 
The quantity of liquid thus collecting is regis- 
tered outside the apparatus by moans of an 
ordinary coloured liquid which is contained in a 
glass tube hi enclosed in a pressxire equalising 
circuit as indicated. 

When the whole apparatus has been cooled 
down irearly to the temperature of liquid air, 
the liquid begins to accumulate rapidly in the 
vapouriscr B, and the initial pressure of the air 
may be gradually reduced by increasing the 
opening of the valve G. Until this stage is 
reached, any .separation of oxygen and nitrogen, 
which may have occurred, hns been due simply 
to fractional evaporation. 

As, however, the liquid begin, s to accumulate 
round the coil in the vapouriscr b, the com- 
pressed air transmits some of its latent heat to 
the liquid. The latter is thereby evaporated 
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Avhilsi ilic coinprcfised air is itself liquefied in 
proportion to the amount of heat thus extracted, 
'(’he vapours thus produced begin to flow up- 
wards through the rectiheation column in which 
the liquid air is flowing doivnwards. The 
^ 1,eniperature gradient necessary for efficient 
rectification then rapidly becomes established 
in the column and the second stage is reached 
in which i,hc apparatus can be employed for 
the protluction of oxygen. 

In the separation of oxygen from liquid air 
])y rectification, Linde relics for his temperature 
gradient on the difference between the boiling- 
lioints of nitrogen and oxygen. The former is 
17’r>° alisolute and the latter 91'5° absolute. 
Liquid air is discharged into the top of the 
column at a temperature of about 81° absolute. 
Nitrogen being the more volatile component it 
immediately begins to boil off, and thus auto- 
matically creates the maximum cold at the top 
of the column. For the same reason the nitro- 
gen present in the original liquid collected in the 
vapouriscr is the first clement to he liberated by' 
latent heat from the compressed air, so that the 
temperature of the liquid in the vapouriser 
liecomcs higher as its content of ' ■•f . 

thus the highest temperature is : ■ i 

automatically at the bottom of the column. 
When all the nitrogen has been expelled from 
th(i vapouriser, liquid air passing down the 
column over various baffie plates comes into 
intimate contact with rising vapours of oxygen 
and an exchange of material takes place. At 
each stiige sorne of the rising oxygen is con- 
densed and some of the nitrogen in the do^vn- 
coming liquid is evaporated whilst the liquid 
gradually gains in temperature until by the time 
it reaches the vapouriser its composition is 
that of practicially pure f)xygcn. The gas, on 
tlio other hand, which passes off from the top 
of the column through the ftinnel ir and the 
pipe c, to the count, er-current intcrchanger, c, is 
maitdy nitrogen at a temperature about 14° 
lower than that of the oxygen at the bottom of 
the column. The oxygen which rises in the 
column to cfffjct the material exchange with 
the nitrogen of the liquid air is carried hack to 
the vapouriscr tngetbor with most of the 
oxygon coiiliiiiicd io fhe original liquid. The 
excess of oxygen which thus continually gathers 
at the l)ottora of the apparatus is drawn off in 
a gaseous condition through the pipe into the 
pipe e of the counter-current interchanger. It 
will thus he seen that the gases drawn from the 
top and bottom of the apparatus are made to 
abstract heat completely from the incoming 
compressed air which is on its way to be 
liquefied. 

The pressure at which the cold gases escape 
from the apparatus is from 4 to 5 Ihs. per sq. in., 
■just enough to cause them to pass freely through 
the counter-current intcrchanger. L is an 
emergency release valve on the low ])rcssuro 
system. J and K are tesi; cocks communi- 
cating with the liquid air and liquid oxygen 
sup]jlies resjiectively. 

After the regular condition of oxygen pro- 
ducing has been reached the apparatus works 
stiMidily, the air supply from the compressor 
being kept at sufficient pressure not only to 
• ensure its liquefaction at the temperature of 
the liquid oxygen liath (say 91° absolute), but 
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also to ensure that the drop to the low pressure 
of from 4 to 5 lbs. sq. in. is sufficient to make 
good thermal losses due to leakage of heat from 
outside and to imperfect interchange in .the 
counter-current apparatus. In practice, this 
pressure is found to be from 50 to 60 atmo- 
spheres. 

A separate fore-cooler for the compressed air 
(nob shown) is usually employed with the Linde 
apparatus. This fore-cooler is kept cold by 
means of a carbonic acid or an ammonia machine 
and is interposed between the air compressor 
and the separator so that the air leaving the 
compressor at normal atmospheric temperature 
becomes reduced to a temperature well below 
the freezing-point of water before it enters the 
separator. By this means, practically all the 
moisture which has not previously been ab- 
stracted by compression gets frozen out of the 
air. This is a point of more importance in 
actual work than the slight supplementary 
cooling which is obtained, because unless the air 
is thoroughly dry before it enters the coils of 
the counter-current interchanger the working 
of the apparatus is liable to he interrupted by 
the formation of ice which has to be thawed out 
before work can be resumed. This is an opera- 
tion which involves considerable delay. It is 
usual therefore to make both fore-coolers and 
separators in duplicate to ensure continuous 
working. In addition to the elimination of 
moisture it is also desirable to remove carbonic 
acid from the air. This is usually done by 

drawing the air on its way to ^ — 

through a purifier containing . 
practice, separators work for a -week or longer 
without freezing up and fore-coolers for about 
two days. 

The three essentials of Linde’s process could 
not he more concisely or accurately described 
than in his ovm patent specification. They are 
(1) cooling the air to he condensed in causing it 
to flow in the contrary direction to the evapora- 
ting products ; (2) in tlien causing the same to 
transmit its latent heat to the evaporating 
liquid, and (3) iir then causing the vapours pro- 
duced in the distilling apparatus to flow upwards 
through the liquid flo'^'ing domawards in a 
stratified manner. 

The fia’st condition established the economy 
of the process by using the cold separated gases 
passing out of the apparatus to abstract heat 

from the ’ -r- —pressed air. It was by 

realising i ■ ^ of fhe second condition 

that Linde ■was able to achieve perfect rectifica- 
tion. Although the already cold compressed 
air is made to part with its latent heat while 
liquefying in the coils of the distilling apparatus 
its actual temperature cannot exceed that of the 
oxygen vapour which it has produced. By 
taking this liquid to the top of the column 
and lotting it escape from a high to a low,' 
pres.suTC the portion thus escaping undergoes 
an instantaneous partial volatilisation which, 
as already explained, reduces it so much in 
temperature that it can play the part of the cold 
member of the combination and thus establish 
the correct temperature gradient for the material 

— t liquid and vapour which the 

! . renders possible. 

The action which takes place in Lmde’s 
rectification column can be readily uurierstoocl 
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by reference to Baly’s experiments on the 
‘Distillation of liquid air and the composition 
of the gaseous and liquid phases at constant 
pressure/ published in 1900 (Baly, Phil. Mag. 
1900, 49, 517). It has already been sho-vrii 
(table, p. 46) how the composition of the liquid 
air change.s during slow evaporation. Baly’s 
, ;■ that given any liquid mixture 

i irogon equilibrium between its 
liquid and vapour is possible only where the 
vapour contains a definite proportion of the two 
con.stituents, but thi.s proportion is not the same 
as that in the liquid. 

The results in this direction obtained by 
Baly in a serio.s of experiments are graphically 
set out in the diagram, Pig. 3, in which the 
ordinates indicate temperature, s and the ab- 
scissaj percentages of oxygen. The curves 


indicate the composition of liquid and vapour 
respectively at definite temperatures. From 
thc.se curves it Avill be seen that with vapour.s 
and liquid in equilibrium the vapours are 
always richer in nitrogen than their liquid. 
Thus when the evaporating liquid is liquid 
air (oxygen 21 p.c., nitrogen 79 p.c.), the 
proportion of oxygen pre.sent in the vapour 
coming off must be not less than 7 p.c. Al- 
though it is thoreffjre ])o.ssible by simple rectifica- 
tion as employed in Llndo’.s apparatu.s to expel 
all nitrogen from the liquid by material exchange 
with the oxygen vapouns, nitrogen itself can 
never contain less than 7 p.c. of ox.ygen. Whilst, 
therefore, the apparatus i.s capable of pro- 
ducing — and doe.s produce — pure ox.ygen it is 
impossible to obtain nitrogen of equal purity 
without further treatment {nee Nitbooen). 



Pt’TcD nt of Oxyfjeri 

Fio. 3. 


With the correct temperature gradient of 
the Linde rectifloation column it i.s ca.sy to apply 
the conditions of the Baly curves.' Starting 
with liquid air at the top of the column wo know 
that 7 p.c, of oxygen mu.st Ik! present in the 
vapour given off. A.h the liquid de.seeiulH it 
como.s in contact with ga.s containing at each 
stagm more oxygon than corrasjmiHlH to ccjn- 
dibions of equilibrium. Aecordiu,gly, ox.ygen is 
continually being condensed anrl nitrogen 
evaporated in the effort of the liquid to establish 
a condition of equilibrium with a vajiour of 
constantly changing partial pressure, s, until 
ultimately at the ba.se of the column pure 
ox.ygen is obtained. 

Rectilioation, according to Linde’s ifiv<;ution 
of 1902, although it .yields pure oxygen, cannot 
ho regarrlod a.s complete becairso, as e.xpiaimul, 
it leaves not less than 7 p.c, of oxygen in the 
wastt! gas. 

A cofnpamtively simqjle motlilication of the 


Linde prooess enfihkj.s .separation to be carried a 
stage further, fi’hi.s improvement is duo to 
M. George.s Claude. lu.stead of condensing the 
corapre.s.secl air integrally and then di.seharging 
ifc in ou(; stream at the top of the rectification 
column, Claude employs a fractional method of 
liquefaction which separates the air on con- 
dmi.sation into two liquids, one containing an 
CXCC.S.S of oxygen find the (jther an excess of 
nitrogen. The rectification column i.s made 
higlier than that of Linde, find the liquid rioh 
in nitrogen is discluirged from the top, whilst 
the liquid rich in ox.i'gen cmtiws the column at a 
lower point ajipropriate to the proportion it 
contaims of the tivo eon.stitueiit.s. The addi- 
tional seruhhing thins oldained with a liquid 
richer in nifrogen fJiun air i.s the Jiiofins of 
firrt'stiiig a further 3 ]).e. f)f o.xygen without any 
adfiitinnal expiuiditure of power. The wa.ste 
gas con.sefjuenf.ly leave, s the Claude apparatus 
with an oxygen content of only 4 p.c. Although 
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Claude’s apparatus is somewhat more compli- 
cated to operate than that of Linde and re- 
quires more constant supervision, there is no 
floubt that this ingenious addition to the Linde 
process is of some ])ractical value where large 
installations are coneerned. 

It may be mentioned here 1' ' ' ' '' 

has not been found possible by ■ ^ ■ 

tion to separate completely the components of 
liquid air so as to collect both the oxygen and 
nitrogen in a state of purity, 
pushing Claude’s system of ■ ^ - 

faction a stage further to obtain small quantities 
of' ”■ an oxygen separator. 

T1 I . ^ nding any additional 

power, by a further fractionation of the liquid 
already rich in nitrogen. About 10 p.c. of the 
total nitrogen can thus, if desired, be obtained 
in a condition of purity the vapours being 
separately drawn off through the counter- 
current iuterchanger to a nitrogen holder. As 
the abstraction of this pure nitrogen from the 
liquid involves a somewhat higher percentage of 
oxygen in the rich nitrogen liquid supplied to 
the top of Claude’s rectification column, it is 
obvious that the waste gas must also contain a 
somewhat higher percentage of oxygen, so that 
whilst pure nitrogen is being abstracted the 
normal yield of pure oxygen is appreciably 
diminished. The device is, however, a simple 
one which does not in any way impair the 
working of the separator when oxygen alone is 
required and as there is a small but growing 
demand for nitrogen in cylinders it is a profitable 
addition to the ordinary separator of an oxygen 
factory. 

In the economical development of Linde’s 
process, Claude is entitled to the further credit 
of being the first to utilise part of the energy 
contained in the compressed air by expanding 
it in a cylinder to perform external work. He 
tliiiH obtains a greater degree of cooling than 
when Linde’s system of nozzle expansion alone 
is employed. 

Claude takes air from the oomi')ressor at a 
pressure of from 25 to 35 atmosiffieres, and after 
cooling it in the counter-current interelianger ho 
expands it in the cylinder of his expansion 
engine to a pressure of 4 to 5 V. 

then enters the separator i-u'.- '■■.'iv.i:!-: .il’ 

liquefaction and ultimate reetifieaiion take place 
as already ilescribed. The power develojied 
ijy the expansion engine can he absorbed in 
driving a dynamo or in any other suitable 
way, but the amount of onei’gy recovered is so 

small that as an 1 ' * ’ ■ ’ ! 'A'- • to economy 

in the prdductic ■ «. . ■ ■ ; bo entirely 

disregarded. On the other hand, the fact that 
Claude can use air at an initial pressure of from 
25 to 35 atmospheres as comi)ared with Linde’s 
pressure of 60 to 00 atmospheres indicates a 
total saving about 20 p.c. in power. In small 
plants (say up to a production of 20,000 cubic ft. 
of oxygen per 24 hours) this economy is probably 
quite couiiterhalanced by the additional com- 
plication and supervision involved. On the 
other hand, like Claude’s addition to Linde’s 
separator, his expansion engine becomes of 
practical value where large installations are 
concerned. 

The Linde British patents were acquired in 
1900 by the British Oxygen Company, Ltd., a 
VoL. IV.— T. 


concern which was founded as Brins Oxygen 
Company, Ltd., in 1886 (v. infra). Ilkom the 
cud of 1907 until March, 1900, the Linde rectifica- 
tion paren' " ■ i ' and important 

litigation ’. : ' ' g unanimously 

upheld both in the Court of Appeal and the 
House of Lords. 

The British Oxygen Company possess 
oxygon factories in London (2), Birmingham, 
Cardiff, Manchester, Sheffield, Newcastle-on- 
Tyne, and Glasgow. All of these are equipped 
with liquid air plants, including two on the 
Claude system (Claude’s patents of addition 
having also been acquired by the Company). 
The total capacity of all the Company’s oxygen 
plants at the present time (1913) is 400,000 
cub. ft. per day of 24 hours, the quality of 
oxygen being as high as 99 p.c. 

The cost of production vai'ies considerably 
with the size of the plant. A |)lant to produce 
40,000 cub. ft. of oxygen per 24 hours (which is 
a common size at the present time for a single 
unit in an oxygen factory) involves, in power, 
a total expenditure of about 100 b.h,p. 
Taking this at Q‘35d. per b.h.p. hour, and adding 
all other direct charges, except depreciation and 
interest on capital, the cost i^er 1000 cub. ft. of 
oxygen into the holder works out at about 
3«, (id. The cost of such a plant comijlete with 
motive power, gas holder, and erection is 
approximately £7,600. 

The Pkoduction of Oxygen by the 
Electbolysis oe Waxeb. 

With the steady reduction in tlio cost of 
electrical power which has taken place in recent 
years combined with imijrovements in electro- 
lytic apparatus, the production of oxygen and 
hydrogen from water by electrolysis has un- 
doubtedly been established on a commercial 
basis. 

Of the various processes Gmidoyed to-day, 
the best known are probably those of Garuti, 
Schuckert, and Schmidt. 

In all apparatus for the electrolysis of water, 
two essential conditions have to be observed : — 

First: Eeduction to a minimum of the 
electrical jjower required. 

Beeond : Perfect separation of the two gases. 

Water itself, as an electrolyte, is a poor 
conductor. It is usual therefore in all cases to> 
render the liquid alkaline by the addition of 
15 p.c. caustic soda or 20 p.c. caustic potash in 
order to improve its conductivity and thus 
faoi’’"'^' -y---. -j- . 

I the two gases depends 

largely on tJie construction and arrangement of 
the electrodes and diaphragms, or partitions, 
employed in the voltmeters, or elcctrolysers, as 
they are more commonly termed, and it is 
jirinciiially in this respect that the various 
forms differ. Where diaphragms are employed, 
they should bo permeable to the electrolytic 
solution, impermeable to the gases evolved, 
and they should be good conductors. Many 
porous materials, such as porcelain, pipc-clay, 
asbestos, jjlates of carbon, &c., have been 
employed, but all appear to have failed to 
realise satisfactorily one or the other of The 
requisites mentioned. 

The objection at fii’st to the use of metallic 
diaphragms was that they came under* the 

E 


OXYGEN. 


influence of the electric current by induction 
from the electrodes. They thus acted to some 
extent as bi-iiole electrodes, thereby creating a 
tendency for the two gases to bo liberated in 
the same compartment, or cell. 

Garuti discovered that if the electromotive 
force did not exceed 3 volts, and if the current 
was under 2 amperes per square decimeter of 
electrode, a metallic diaphragm remained 
passive, and he found that OAving to its feeble 
resistance it was possible to work the apparatus 

A. 



with a difference of potential well under 3 volts. 
Garuti di.scoverecl, however, that it Avas neces.sary 
to carry the bottom of the diaphragm below the 
level of the bottom of the electrodes in the 
elcotrolyser in order to ensure this passive con- 
dition, and that this construction prevented 



Fig. 5. 


good circulation of the electrolyte. He over- 
came the difficulty by perforating a large 
number of minute holes in the loAver or im- 
mersed portion of the diaphragm. Whilst 
these holes permit the electrolyte to circulate 
they are practically impermeable to the gases. 

Figs. 4 and 5 illustrate diagrammatically a 
side elevation and cross section through aa of 
a Garuti electrolyser of this descriihion. The 
«uter tank in each is shoAvn cut away. 

'fhe apparatus is composed of a series of 


alternate .sheet steel compartments, or cells, a 1/, 
each enclosing an electrode c and consisting of 
long diaphragms d Aveided on to end plates mifl 
built U|^, .side by side. 3’hey are comjiletely open 
at the bottom and the loAver jiurtiou of the 
diaphragm is perforated as indicatial. 'J’luy 
arc all open attlie tup for half their length, tluasc 
containing an anode, or positive electrode 
(viz. a), being open to the left half of the iigurc 
and those containing a cathode, or mgative 
electrode (viz. 5), to the right half of the ligure. 
In this AAmy t: ■■ i !■■■■;■' !i or cover Aveldcd 

on to the left ; n I-, .-i - oxygen from the. 

cells a, Avhilst the corresponding Ijell welded on 
to right portion H collects hj’drogen J'rom the 
cells b. 

The anodes on one side and the eathade.s on 
the other are welded to terminals e for the 
transmission iiiAvards and outAvard.s of the 


current. When the electrolysers arc largo the 
diaphragms and the electrodes are maintained 
rigid and equidistant by means of wooden 
jjartitions, or combs / placed at the loA\er 
extremitj' as indicated. 

In the Schuckort electrolyser, the separation 
is effected Avith the aid of a motallio partition, 
or screen, betAveen the electrodes, each of tlu! 
latter being metallically su.s]Aendcd fnjm tlu; 
centre of a gas collecting bell Avhich seats it.self 
in the electrolyte so that the ' 

each electrode can he separat „ i 
screen Avhich is insulated from the m(;tallic 
bells i.s carried into the cdectrolyte so far belds. 
theodgesofthobe"'. anodes and 

cathodes, that the : . , 'the bulls is 

practically unaffected by tiu! current lines set 
up in the electrolyte. On the other hand, tin.- 
bottom edge of each electrode is carried set iar 
beloAV the bottom edge of the screen that tint 
gases generated at the respective eleclrodcH (!iin 
be obtained in a pure condition. TJie bulls con- 
taining the electrodes and also the scruuns arc 
indejjendently constructed and may be nnilti- 
lAlied in one electrolyser as desired. 

Both the foregoing types of elucl.roly.s!‘r.s, 
Avhich indicate the general construction of .such 


appararus. Avoric witnout any special .sufiur- 
vision. They are usually made to produce 
from one half to tAA'o cubic metres of oxAgen per 
hour and ' n-" My that quantily of 

hydrogen, 'i!', (Ym -v ly.-.;...,. arc placed in 
batteries side by side in a room Avhich must ho 
provided Avith excellent vuntilation, or a vunti- 
latmg fan, chiefly in order to obviate ail rislcs 
through leakage, of oxplo.sive mixtures of the 
gases- In orclex* to attain its full capaoity tlici 
temiieraturo of the electrolyte should be from 
50 to f)0°. The temperature of the room uoii- 
taming the electrolysers is therefore uiit to 
become excessive unle.ss adequate ventilation is 
pioduced, Tho requisite heat is generated and 
maintained in the eleetoolyte by its oini de- 
composition, but steam heating i.s freriucntlv 
provided and particularly Avhen tho elecirolvtic 
apparatus is arranged to Avork intermitluutjy 

The gases produced under normal Avork'iiig 
conditioms in a good electrolyser have the 
iolloAvmg degree of purity 

Oxygen, 95-97 p.c. 

Hydrogen, 97-99 p.c. 

The impurities are mainly oxygen and 
hydrogen respectively and the.se re.sidual.s are 
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largely eliminated ’ ■ ■ '■ ' ises through 

tubes containing ■ ■ ' ^ ■ pumice on 

their way from the (dcctrolysers to tlieir re- 
spective holders. In the heated tube, the im- 
purity in each case combines Avith some of the 
major gas in the form of steam, which is 
. removed by condensation. 

The first cost of a Schuckert electrolyscr to 
produce cubic metre of oxygen and 1 cubic 
metro of hydrogen per hour is given as about 
£75. Consequently for a plant to produce 
about 40,000 cubic feet of exj^gen pjer 24 hours, 
the electrolytic apparatus alone, assuming 
1 .‘•rent to be takem from an existing private 
f^'irce, or public supply, exceeds the cost of a 
liquid air plant of the same capacity with pmver 
■included. If the first cost of the current 
'■ 3 added to that of the electro - 

that the complete electrolytic 
installation costs more than double that of 
liquid air. It should, however, bo piointcd out 
that in smaller plants this difference in first cost 
is not so marked, Avhilst hydrogen, as the 
electrolytic by-product, is at present a more 
^ than the nitrogen of liquid air. 
composing water by electrolysis 
into its components, oxyge: 
mainly a question of the ■ i 
involved, and the con.sumption of energy under 
normal conditions can bo readily calculated 
from existing data : — 

One ampere decomposes 0-335664 grm. of 
water per hour, and liberates 0-037273 grm. of 
hydrogen and 0-29839 grm. of oxygen. 

One litre of hydrogen weighs 6-089(1 grm. 

One litre of oxygen weighs 1-4300 grm. 

Therefore in one hour an ampere liberates 
from water 0-416 litre hydrogen and 0-208 
litre oxygen. 

Calculated on Thomson’s law, according to 
which the heat disengaged by the formation of 
water equals the E.M.F. necessary for its de- 
comijosition, it is found that 1-5 volts is the 
E.M.F. required. In practice, it is not i) 0 .ssiblc 
to realise this theoretical result and it is ad- 
mitted that an E.M.F. of not less than 2-5 volts 
is necessary, 

■ 1 ' ■ of 208 litres of oxygen, 

latter voltage, gives 

=83-2 litres of oxygen per kilowatt 
hour. Therefore, to obtain 1 cubic metre of 
oxygen and 2 cubic metres of hydrogen exactly, 
12-0 Icilowati hoiirs are, required. 

Schuckert gives the consumption of energy 
* with his elect-rolytic system as 12 to 14 kilowatt 
hours per cubic metre of oxygen. The manager 
of a largo factory in Germany, employing 
Garuti’s process, recently gave the present 
writer the figure of 13-5 kilorvatt hours as his 
experience, and 15 kilowatt hours has been 
given to the writer by other users of large 
electrolytic plant. 

An average of 14 kilowatt hours 20 

B.H.P. hours, is consequently a reasonable 
estimate of poAVer required in actual experience 
Avith large plants for the electrolytic production 
of one cubic metre of oxygon and tAvo cubic 
metres of hydrogen. 

An electrolytic plant of the capacity AA^hich 
has been considered in the case of liquid air, 
viz. an output of 40,000 cubic feet of oxygon 


per 24 hours, requires therefore more than 
9 times as much motive poAV'er as the corre- 
spontling liquid air plant. Assuming that 
current is draAvn from a public suj)piy at Id. 
per unit (a price at Avhich it can be i-eadily 
obtained to-day in many places), the cost of 
energy X'cr 1000 cubic feet of oxygen is 16 a'. 8(-i. 
AlloAving 2s. 4cf. to cover other direct charges, 
such as Avages, material, current losses, rencAval 
of plates, &c., and assuming the same deprecia- 
tion and interest on capital, then regarded as 
oxygen qn-oducing processes, the respective 
figures of 3s. M. and 19s, may be taken as a fairly 
accurate comparison of the cost of production. 

It is obvious therefore, that unless a ready 
market can be found for hydrogen, the electro- 
lytic 2 JroceH.s cannot at jnesent comjicto on equal 
terms with liquid air pdants in the oxygen 
factory. 

InbustkiaI; Pkoduotion axd Uses ue 
O xYQEN. 

Prior to Linde’s invention of 1902, oxygen 
for industrial ^mriroses AA’-as jn-oduced by oiectro- 
lysis, except in this country Avhere the Barium 
Oxide 2 )rocess Avas for many years successfully 
crajAloyed by the British Oxygen Gonq^any. 
The Barium Oxide process must to-day bo 
regarded as obsolete because, in first cost, quality 
of oxygen produced and cost of production it is 
quite unable to compete Avith Linde’s liquid air 
in-ucess. 

The electrolytic 2 >roce.s.s, on the other haiui, 
can at least sujiply a gas of equal 2 )urit 3 ’-, and 
Avhoro a useful outlet can be found for hydrogen 
tiio i)rocc.ss can probably hold its owii — particu- 
larly in cases Avhero small lu-ivato plants are 
required to j)roduce (;xygeu in the Acorks AA'here 
it is to be consumed. 

Three circumstances have, hoAvever, con- 
s 2 >ired in recfsut years to arrest dev('lopnumt in 
the use of electrolytic apjAaralus for tlm pro- 
duction of oxygen, fi’he lirst is the established 
success of the Linde j/rocjesR. The .second is 
the introiluctiun of oxy-acetyleiics Aveldiug Avluch 
has not only largely snjjersedetl the older method 
of oxy-hydrogen Avekling but has in consequence 
created an extensive demand for oxygen, Ac, 
thus detracting largely from the value of the 
hydrogen product on Avhieh the haiccohh of the 
electrolytic process mainly clejJends. The third 
is the loAV price at AAdiich oxygen can nenv Ikj 
obtained in cylinders. This tends to restrict 
the sale of apparatus for private maniifacturt^ 
of the gas. 

Ur.- the tAvu most important in- 
I oiv.if.s’for oxygen at present are oxy- 
acetylene Avoiding and Oxygen nietal-ciitLing. 
Neither process has been before the public for 
more than six years, yet ' engineers have been 
quick to recognise the fact that each affords a 
valuable and economical method of dealing 
Avitli air immense variety of motalliirgieal 
operations. 

fi’hc increased demand for oxygen duo to 
these developments has led to a very large 
increase in the number of oxygen factories. 

In this country, besides the numerous 
extensions of the British Oxygen Gompany, to 
which reference has already been made, a number 
of electrolytic j/lants exist Avhicli produce • 
oxygon either for jirivate use or distrihution«iii 
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cylinders. In Germany, llrauce, and Belgium, 
SIX years ago, tliero existed altogether aboiit 
twelve oxygen tactories nearly all employing 
electrolytic plants. To-day tRat number has 
been quadrupled by liquid air plants alone and 
'L number has also been installed 

■ 1 ■’ ” ; ‘ ■ ■■ s- Every country in Europe, 

■ has now one or more oxygen 

Jactories, and it is no exaggeration to say that 
all important engineering centres have practi- 
oally unliinitcd supplies of oxygen available, in 
lact, the supply at the present time considerably 
exceeds the demand. 

■* jjj Qermany 

in J tirXi "vviX! I r . '.'Sii ■ iiii cubic fccl/i 

In Erance, it was about 100,000,000 cubic feet 
and in England about two-thirds that amount. 
' VI 1 lotal consumption may safely be 
attributed in about equal proportions — to 
welding and niotal-cutting. The price of oxygen 
ni oylmders for these industrial applications is 
about the same in each country and varies 
Irom ,j.a. to id, cubic foot, according to locality 
and the quantity purchased. 

In the United States of America, develop- 
ment lias been slower owing to the dearth of 
oxygen factories. Five of these are, however, 
now m operation, equipped with Linde plants, 
and. at least tivo other factories exist for the 
olectrolj'tic production of oxygen. The oxygen 
industry is therelore certain to expand rapidly 
in America during the next few years. 

I 1 ^"^! .^*^1 complete the list, it may be 

added that Linde oxygen plants, for the develop- 
ment of oxy-acotyicne welding and metal- 
Gutting, have been recently erected, or are in 
course of erection in Australia, New Zealand, 
Douth Africa, Egypt, India, China, Japan, 
Brazil, and the Argentine. 

Oxy-acdylene welding. The teraperatiiro of 
the llanio in a good oxy-acotyleno blowiiipe is 
approximalj-iy 3315'^(6000°E.), This high tempe- 
riiiurc is mainly brought about by the combustion 
of carbon to carbon dioxide. Acetylene has a 
heating value of about 1500 B.T.U. per cubic 
loot. It is an endothermic gas approximatelj' 
composed of 92-5 p.c. carbon and 7-5 p.e. 
hydrogen, vhich in combustion with oxygen 
form carbon dioxide and water In conse- 
quence of the high flame temperature, however, 
the water Jormed by this primary combustion 
IS dissociai-fid into hydrogen and oxygen, the 
hitler element combines at once in the flame 
wltli the carbon of the acetylene to form carbon 
dioxide, "whilst the hydrogen can only combine 
with oxygen which has passed out of the hottest 
zone of the flame, and thus does not involve a 
consumption of heat at the expense of the hottest 
part._ It is, in fact, claimed for oxy-acetylene 
welding that the hydrogen forms a relatively 
cool jacket round the hot flame produced by 
tJie combustion of carbon in oxygen, and that 
as the hydrogen is not able to combine with 
oxygen at the very high temperature which 
exists within the inner zone, but remains 
temporarily in a free state, it protects the inner 
zone in a measure from loss of heat, whilst 
largely excluding the tendency to oxidation of 
tbo metal — a defect from which all other 
methods of welding suffer. 

^ I’lieoretically, 2i volumes of oxygon are 
required for the complete combustion of 1 


volume of acetylene. In practice, however, 
With the oxy-acetylene blowpipe, it is found tliat 
fho best "Welding results are obtained with 
1‘5 volumes of oxygen to 1 volume of acetylene. 

The strength of the weld produced by the 
name is almost invariably somewhat less than 
that of the original material. This may often 
be due to the use of welding strips of inferior 
tensile strength. It is, however, undeniable that 
the structure of the material in the weld is 
less homogeneous than in other parts. A good 
Weld ia^ largely a matter of skill on the part 
or the individual welder. It is possible for a 
competent welder, at his own discretion, to give 
a greater or less strength to the welded part, 
and for this reason it is impossible to draw con- 
clusions from the work of one man as to the 
work of another. Oxy-acetylene "ivelding must 
bo regarded as a trade which can only bo 
niasterccl by intelligent work and gradual 
^velopment from simple to difficult jobs. 
Much depends on the intelligence and ability 
ox the workman. A skilful Avelder "will use a 
natnmer freely as well as a blowpipe, more 
especially^ on vertical or overhead welds in 
plates which are. subsequently to be subjected 
to pres.mrG strains. By the judicious use of 
nanimering at the right moment on the welded 
part the metal can always be made denser, with 
the result that the strength of the weld is 
increased. 

The oxy-acctylene system of blowpipe 
welding is empfloyed in two forms, which may 
be described as the high and low-pressure 
systems. 

The first to be introduced was the bigh- 
pre.<3sure system, in which both gases arc de- 
livered to the blowpipe imder pressure. Oxygen 
IS supplied from an ordinary trade cylinder, and 
fcotyicno from a cylinder in which it is dissolved 
m a porous material soaked in acetone. Acetone 
bus the property of absorbing 25 times its own 
volume of acetylene at atmospheric pressure, 
and it continues tc q-. , .■ ■ - atmosphere 

or pressure that ■ . i gas. This 

system affords an - v- ■ ■ method of 

transxjorting acetylene and it 

With "the iiieans of using 
bloivpipe in its most porta' ■ . 

^any useful applications, and for repair work 
generally, but more especially on board ship, 
tnis system is admirably adapted. 

The low-pressure system is almost ex- 
clusively employed for welding purposes in 
engineering works. In this latter method, only 
oxygon is required from a cylinder. Acetylene 
may bo taken from any ordinary generator of 
approved design. 

Oxygen has to be supplied to the hlowjiipes 
t a constant low pressure of from 5 to 30 lbs. 
according to the size of blowpipe employed. 

purpose the high and varying jiressure 
X the gas oylinder is reduced to the constant 
nw pressure required, by means of a pressure 
regulator which is attached to the cylinder, 
icetylone (which must be well purified) is con- 
veyed by any .suitable system of piping from 
ne Jiolder of tbo xj-r o: to the place where 

IS to be n.oy.:!;. 'Cii.,; blowiipes used are 

nvarxably of the injector type in which the 
under a suitable pressure is made to 
iiraw the necessary quantity of acetylene into 
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i;hu ]jl(nvi)ipo and then deliver both gases well 
mixed and under sufficient pressure through 
the burner nozzle. . ^ 

Fig. B illustrates a popular type of an 
injector blowpipe w'hich, in addition to possess- 
ing all the usual characteristics of such a tool, 
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is fitted with a head which can be adjusted as 
indicated to suit any special conditions of work. 

It is impossible to' enumerate in detail all 
the work which may bo executed by the oxy- 
acetylonc blowpipe rapidly and economically, 
I)ut the following are some of the applications 
for which it has already been advantagcouslv 
employed : 

The fusion welding of bicycle frames, forks, 
Ui(i standards, wheel rims, &o. ; the fusion weld- 
ing of frames, wheel rims, &c., for motor cars ; 
the repair of locomotive frames, &c, ; in the 
manufacture of iron or steel motor or other boats 
as a substitute for rivets ; the fusion welding of 
domo.stic and other hot- water boilers ; the repair 
of steam boilers, boiler flues and other apparatus 
i/i situ ; the fusion welding of steel or iron tanks, 
&c. ; in the manufacture of safes ; the fusion 
jointing of pipes of every description and shape 
for steam superheaters, &c. ; the fusion welding 
of all joints in metallic ca: '’:". barrels, 

&o. ; as a substitute for ' ■ sheet 

ironwork, such as enamel AVare ; artistic iron- 
work ; the repair of cracks, blisters, and flaws 
in iron and steel* castings, forgings. &c. ; as a 
substitutes for brazing in many instances. 

Mdal cAiUmg hy oxygen. This process is 
based on the well-lcnoAvn fact that a jet of 
(jxygon directed upon a ])roviously heated spot 
of metal ignites it, with the result that the metal 
acting as its own fuel burns aAvay rapidly in the 
form of metallic oxide. 

In the year 1889, the late Mr. Thomas 
Fletcher, of Warrington, showed that, after 
heating an iron plate to incandescence by means 
of the oxygen and coal-gas flame obtained with 
one of his blow-pipes, it was possible, by largely 
increasing the supply of oxygen, to ‘ fuse ’ holes 
and even slots in the plate. 

Twelve years later, the same process was 
applied practically by Dr. Menne, of Germany, 
to the opening up of tuyeres in blast furnaces 
Avhich had become blocked by the solidification 
of metal. 

The use of oxygen for this latter purpose 
proved so successful that its value in the cutting 
of metal was again suggested. Theoretically, 
once iron is ignited in oxygen, if a powerful jet 

of the gas is maintained in , 'j'” 

be possible to burn away th ' ' ' ■ 

auxiliary source of heat. • '■■■ ■ ' , ' 

over, is formed at a comparatively low tempera- 
ture and lacks fluidity. It was found difficult 
in practice to eliminate all the oxide which was 


formed. Much of it adhered to the partially 
molten metal, thus preventing the intimate 
contact of metal and gas, with the result that 
combustion soon failed, and the cutting opera- 
tion was arrested. The process was in conse- 
quence intermittent, the consumption of oxygen 
wasteful, and the cut wide, coarse, and irregular. 
In 1904, a cutting blowjiipe, which is a verv 
simple solution of this difficulty, was patented 
and subsequently introduced by the Soci6te 
imonyine L’Oxhydrique Internationale of Bel- 
gium. It consists essentially of an oxy-hydro- 
gen, oxy-coal-gas or oxy-acetylene blowpipe, 
Avith an additional passage through which an 
mdependent and separately controlled stream 
of oxygen is supplied at the discretion of the 
operator. This separate supply of oxygen may 
be discharged through the centre of the blow- 
pipe, in which ease the mixed gases employed 
for heating are conducted through an annulus 
surrounding it, or the supply may be brought in 
a passage immediately behind the heating 
flame. 

This simple expedient 

independent heating jet in ■ . ■ the 

-^renders the cutting operation 
i ■ furnishes the quantity of 
additional heat necessary to render the oxide 
fluid, so that it can be blown away through the 
cut by the separate jet of oxygen. 

The cutting operation is very simple, and 
can be mastered by any intelligent workman 
in a few hours. The edge or surface of the 
plate at the point to be cut is first heated by the 
mixed jet of oxygen and any suitable fuel gas. 
When this spot has been brought to a state of 
incandescence, a fine cutting jet of oxygen is 
discharged upon it. This immediately produces 
combustion of the metal, Avith the resulting 
formation of iron oxide. The jet of oxygen is 
made sufficiently strong to blow away this iron 
oxide in front of it, with the result that a clean 
narroAV cut is effected through the metal at a 
speed of travel which is comparable Avith hot 
saAAing. The metal on each side of the out is 
neither melted nor injured in any Avay, as the 
action proceeds too rapidly for the heat to 
spread ; in fact the edges present the sharp and 
purely metallic surface of a saw cut. 

The : . ' ’ made to follow any 

desired i . ■ . '■■cles, curves, or pro- 
files as ‘ , ■ ' purpose guides and 

other mechanical contrivances are employed. 
Bevel cuts can be made and the process can be 
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employed for the cutting of all grades or con- 
ditions of steel, as the action being chemical 
rather than mechanical the quality of the 
metal does not materially affect the results. 

Fig. 7 illustrates a popular type of hasid 
metal cutter, of the concentric type, in which 
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the oxygen for cutting is discharged through the 
centre of the hlow'pipe whilst the mixed gases 
for heating are conducted through an annular 
passage surrounding it, all gas supplies being 
separately controlled. 

Special appliances are sujiplied for ensuring 
a steady movement of the hand cutter, a matter 
of considerable importance where neat and 
accurate work is desired. In fact, machines 
and appliances are constantly being devised 
with the object of extending the applications of 
the process and of improving the results ob- 
tained. 

The process may l)o employed for cutting sec- 
tions of any thickness up to and even exceeding 
12 inches, and the same cutter can be employed 
without any structural alteration on plates 
varying in thiclcness within wide limits ; all 
that is necessary is to increase the velocity and 
quantity of oxygen used for cutting, to corre- 
spond Avith the increased thickness of the 
plate. 

As indicating the remarkable possibilities 
of this process, the follorving results obtained 
in the cutting of nickel-chrome steel armour 
plate are interesting. 

With a single jet of oxygen, a plate in. 

thick was c".' b ■” te of one foot in 

3-J' minutes ■ . ■ • ^ of 30 cubic feet 

of oxygen per foot run. 

A plate, 12 in. thick, was cut ” • ” 
rate of one foot in 4 1 minutes ■ = •• p. 

tion of 50 cubic feet of oxygen per foot run. 

Such results as these indicate the immense 
field of operation both in constructional and 
dcstructional ironwork which lies before this 
important application of oxvgcn. K. S. M. 

OXYHAEMOGLOBIN v. Blood. 

OXYLIQUIT. Liquid air mixed with oxi- 
disable substances, sucli as wood charcoal. 
Used as an explosive. 

OXYPHENINE {CJdoro'plienine, Chloramine 
Yellow, Diamine Fast Yellow B, 2 F, etc.) v. 
Fkimitlind and its dekivatives. 

OXYPHLOROGLUCINOL v. Phenol AND ITS 

HOMOLOGXTES. 

OZOKERITE, known in Germany also as 
Ftrdwachs, Berglalg, Bcrgioachs Fossites wachs, 
Mineral^ett, mineruliselies Lctschenwachs, in Mol- 
dau also as Zietrescil, and in the neighbfmrhood 
of the Caspian Sea as Naphtgil, Naphatil, 
NcJfgil,_Neftegil,NpflapMl,iii a naturally occurring 
solid hydrocarbon of the olefine, nr CnHo,, series. 
Ozokerite is found chiefly in the Miocenoforma- 
tion in Boryslaw, near Drohowyez, and in the 
region of Stanislawow, Galicia. The veims in 
Avhich it occurs are 40 to SO metre.s deep, and 
1 metre in thickness. They pass through beds 
f)f sand, from 8 to 10 mfitres deep, containing 
large stones, and then through blue clay and a 
plastic loam. From this blue clay, naphtha 
usually springs. The centre of the basin is 
richest in wax ; in some cases masses of .such 
extent have been tapped that the miners have 
hardly had time to escape before the worldngs 
were filled with the plastic mineral. Such a de- 
posit was found in the deepest shaft at Bory- 
slaw, at a depth of 208 metres (227 yards). In 
general, however, the yield of wax varies at 
• from 4 to 8 x>.c. of the mineral extracted. Ozo- 
ketite was discovered in 1833 by Dr. Mayer, in 
Slanic in Roumania, and Glocker, who analysed 


it in the same year, gave the mineral this name, 
deriving it from two Greek words meaning ‘ to 
smell’ and ‘wax.’ It was discovered in 
Galicia by Dorns in 1864. At first it was re- 
garded as an unwelcome companion to the 
petroleum, as it frequently caused the timbering 
of the shafts to collapse. It was not until 
about 20 years later that this substance began 
to attain commercial importance, a method 
having then been discovered of producing from 
it a substance resembling beeswax and named 
ceresin. 

In 1865, ozokerite, which had previously 
been regarded as a Crown mineral, Avas declared 
free, and the consequence was that a number of 
shafts were sunk in the district, and much 
speculation ensued. The land being parcelled 
out in small plots, the shafts Avere sunk in the 
immediate neighbourhood of each other, and 
much waste and danger en.sued. In 1886, a 
hiAv Avas passed, whereby the right of mining for 
ozokerite might be separated from the owner- 
ship of the land. In 1899, it AA^as further 
enacted that shafts were to be at least GO metres 
distant from one another. The extraction is 
noAv carried out under official supervision. In 
nearly every case the mineral is raised through 
vertical shafts or pits over which a wooden roof 
is erected. The section of the shafts in the 
first instance is 4 square metres (43 square 
feet) ; but, Avhen the ozokerite formation is 
reached, an inner shaft 1 mtoe square (10 'YG 
square feet) is formed of timber, and the space 
IjetAveen this and the timbering of the larger 
shaft is filled Avith a rich clay. This construc- 
tion is adopted to exclude the surface-Avater, 
Avhich is now kept down by machine driven 
pump.s during the sinking. From the bottom 
of the shafts levels are driven into thp ozokerite 
ground, the richer iiortions being raised and 
the refuse used to fill up the old Avorldngs. The 
softer parts of the marl are dislodged by means 
of pick or Avedge ; but where the rock is hard, 
and the permission of the mining authorities 
can be obtained, dynamite is used. The 
mineral used to bo raised by hand in slaps nr 
tubs holding 40 to 50 kilos. (88 to 110 lbs.). 
But electricity has noAV been applied to the 
haulage and this has greatly increased the 
output, two men noAv being able to raise 120 
skips of 135 Idlos. per day Avhere four men were 
needed to raise 60 sldps of 50 kilos, in the saint 
time. Modern methods of ventilation and 
electric light have now mostlyreplaced the hand 

ventilators and safety ’ ' 'v " ^ ’’ • -.imployod. 

The timbering of the ■ " ■ constanl 

renewal and repairs ; in some cases it is almosi 
impo.ssihle to keep the shafts perpendicular. 

The water is usually raised in tubs, anc 
much difficulty is experienced in getting rid ol 
it after it reaches the surface, on account of thi 
numerous shafts and the broken nature of the 
ground. Costly mrr’""" yu — - ■ 
machines have now : ■ ■ : ' ■ ; ' ' i ■ 

The mineral, when it leaves the tubs, is sortec 
by hand. The AA'aste rock is picked out anc 
tipped to spoil, lunqis of ozokerite are speciallj 
selected, and the remainder of the rock, con 
taining fragments of Avax, is tipped into tanlci 
full of Avater. On being Avell stirred, inos 
of the wax rises to, the surface and is sldmmec 
off. The residue still contains from 2 to 3 p.c 
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of wax. A more costly, but more thorough, 
method of separating the wax is sometimes 
employed. The mineral, after being hand picked, 
i.s tipped into cast-iron vessels, and water at 
50° is poured over it. The tanks arc heated 
gradually from below, until the water boils. 
At fi0°-'70°, the melted wax which rises to the 
surface is ladled off and poured into cold water 
where it soliclifie.s, after which it is removed and 
the water contained in its pores removed by 
pressure. A further quantity of wax is obtained 
by stirring the remaining hot contents of the 
tanlcs. This process is known as Lep-boiling 
(Lopkochen) (J. Soc. Ghom. Ind. 1892, 117; 
ibid. 1898, 236 ; Eng. Pats. 2242, 1890 ; 9781, 
1891; Die Zere.sinindustrie, by Bela Lach, 
1911). The quantity of waste mineral being 
considerable, and the distance between the 
shafts small, a special railway has been built to 
remove the residues from the immediate neigh- 
bourhood of the mines. 

It has also been attempted to extract the 
wax by moans of solvents such as bonKeno, but 
only with very poor results. The wax so ob- 
tained is of a much lighter colour and higher 
melting-point (73°) than the ordinary kinds, 
but is, nevertheless, not so useful in the ceresin 
industry. 

The annual production has varied from 4000 
to 18,000 tons, and in certain years the value 
has exceeded 1,800,000 dollars. 

The production of ozokerite in the Boryslaw 
district amounted, in 1887, to 96 p.c. of the total 
output in Galicia, and was valued at £152,900 
■■'■I. 8h.'d -k'.-. .\bg. cisterr. Ohemikor- und Tcch- 
i'.::;., !-vd, 614, 651; J. Soc. Chora. Ind. 

1890, 597; ibid. 1892, 117; ibid. 1897, 774). 

Since the prodriction of ozokerite has become 
more costly, its output has decreased. Thus in 
1904, Galicia, which practically supplies the 
whole world with the crude product, only pro- 
duced 2908 tons. 

The ozokerite forms lumps and layers from 
3 to 9 decimetres thick, so that masses are often 
found about 100 kilos, in weight. 

Other deposits of ozokerite are found at 
Truskawice, 8tarunia, Dwiniaez, Kleoany, and 
Pruthale, always in Miocene formations. 

It has also been found in Hungary by the 
river Izadn the nf-’ vl b r.- .d of Pecora. Its 
quality hero is ■ i ;l in Galicia, but it 

has not been systematically worked up. In 
various parts of Roumania also, excellent ozo- 
kerite deposits exist which have not yet been 
exploited. 

Ozokerite is found in the Caucasus, and 
among the Wasatch Mountains, Utah, about 
173 miles east of Salt Lake City, America, where 
deposits of white ozokerite, miles in length, are 
said to bo found. 

Caucasian ozokerite resembles an inferior 
Galician variety. Melting-point of crude sub- 
stance 68°. Treated ■wdth 20 p.c. of fuming 
sulphuric acid it yields 58-1 jj.c. of second- 
(piality ceresin ; m.p. 68-5° ; volatile portion, 
1-8 p.c. The crude substance has a repulsive 
odour, is worked with difficulty in quantity, be- 
comes stiff in the basin, and presses extremely 
badly (Lacli, J. Soc. Chem. Ind. 1885, 488). 

Rich deposits of ozokerite have alsf) been 
found along the banks of the Kemioki near 
Tornea (J. Soc. Chem. Ind. 1901, 1043) and in 


the Island of Cholekon in the Caspian Sea {ibid. 
1896, 932). 

North American or Colorado ozokerite. Here 
extensive deposits of an ozokerite-like substance 
are found, the supply from which is hindered 
q;ily by the transport difficulty. On being 
tested, however, the material seems to bo of 
little use for the production of ceresin. It is 
supplied in cakes 36 X 20 X 6 cm. in dimensions. 
It is a dull black, hard sub.stauce, brittle and 
pulverisable, and smelling of cateclm. Care 
must be taken in heating it, as violent frothing 
may occur from the presence of water. 

The crude substance melts at 70 -0°. 

Treated by the above-mentioned process no 
ceresin is obtained. Even when heated to 300° 
it is impossible to filter it, although it is quite a 
thin fluid. Subjected to distillation it gives the 


following results : 

Per cent. 

Paraffin oil . . . . 90 ’00 

Gas ..... 2-12 

Water 2-60 

Re,sidue . . . . 5-28 


It commences to distil at 300°, when nearly 
3 p.c. of oil, solidifying at 30°, comes over. At 
a much higher temperature it distils steadily, 
giving a very fair crude product for paraffin ex- 
traction. This substance is apparently more 
suitable for ■. " than for the ceresin 

industry (B. -b ' . Chem. Ind. 1889, 

696). 

In Utah, a dai’k brown ozokerite of m.p. 
63°-55°, sp.gr. 0-9285, has been found (Seal, 
J. Eranldin Inst. 1890, 100, 402 ; Parker, J. 
Soc. Chem. Ind. 1891, 736). Ozokerite is also 
found in Portuguese East Africa,’ in Ghazaland, 
and in many other parts of the earth, but 
generally cither in too small quantities or of 
too poor a quality to make its extraction on a 
large scale profitable. 

It varies largely in composition, in m.p. 
(56°-100°), in b.p. (210°-300°), and in sp.gr. 
(0-85°-0-97°), depending on its source. The 
native ozokerite is transparent, of a light-yellow 
colour, and of the hardness of beeswax. It 
smells like benzene or petroleum, but the harder 
varieties are almost odourless. The best 
ozokerite is yellow or greenish, and can bo easily 
compressed between the lingers. This land, 
however, is not much used for the preparation 
of ceresin. Ozokerite consists chiefly of heavy 
saturated hydrocarbons, together with un- 
saturated hydrocarl)ons and other sxibstancos 
(Gosling, O'. Soc. Chem. Ind. 1898, 741 ; Israti, 
Chem. Zentr. 1897, i. 1222 ; ibid. 1904, ii. 1448 ; 
Eader, ibid. 1905, i. 1600 ; Morozewicz, ibid. 
1909, i. 1113). It appears to have boon formed 
by the oxidation and decomposition of the hydro- 
carbons of naphtha, since the action of oxygen 
on these compounds simply eliminates hydro- 
gen. Thus, for example, naphthalene gives 
dinaphtbvl and water ; 

“2CioHs + 0=CaoHi,-f-H.,0. 

By further oxidation compounds are obtained 
of the formula 0 „H 2 )/j which react with the 
hydrocarbons of the marsh-gas series, with 
formation of very complex carbon compounds 
of variou.s melting-points, as for example ■ — 
2C„l-I„-f Oo^CiJis^-f 2HoO, and * 

CtaH 32 +GaH;B+ 0 -C;,ILs+H.. 0 . * 
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According to this hypothesis, the formation 
of ceresin from naphtha by the oxidation of the 
compounds of the marsh-gas series, and the 
relationships of ozokerite, naphtha, and coal, 
can be explained in the simplest manner 
(Gosling, l.G. ; Engler, Chem. Zeit. 1906, 30, 
711 ; Kiinkler and Schwedhelm, Chem. Zentr. 
1908, i. 1322 ; Rakii.sin, J. Russ. Phys. Chem. 
Soc. 1909, 41, 109). 

The best kinds of ozokerite are used in the 
preparation of ceresin. For this purpose, the 
crude ozokerite is broken into small pieces and 
melted in tank.s by the aid of steam coils. The 
mass is run into retorts and distilled with steam. 
When the distillate has cooled to an oily mass 
it is subjected to hydraulic pressure, after which 
it is again melted and treated with fuming sul- 
phuric acid in vessels fitted with stirrers, A full 
description and figures of the plant-and materials 
employed is given by Laoh in his Zoresinfabri- 
kation, 1911 ; v. also Gosling, l.c.). A number 
of methods of purifloation are also described in 
this work (v. also Marcusson and Schluter, 
Chem. Zeit. 1907, 31, .348). 

Good ceresin is not easily distinguishable 
from beeswf". ] 3 eg -5 

methods of , , Ceresin is not 

so easily kneaded between tlie fingers as bees- 
wax. and is more brittle. A mixture of the two 
bodies cannot be recognised in this way. ( 2 ) 
Ceresin is almost unacted on by concentrated 
sulphuric acid, whilst beeswax undergoes perfect 
decomposition by such treatment. To reduce 
its cost and also to render it harder and more 
wax-lilm, ceresin is often adulterated with 
paraffin, rosin or colophonium, petroleum oil, 
or with carnauha and Japan wax. 

In addition to the production of ceresin, 
ozokerite is used in the manufacture of candles, 
ointments, pomades, and shoe blackings. It 
is also employed to some extent in the manu- 
facture of shining black paper and for the 
impregnation of certain kinds of wood in 
furniture manufacture. 

Under the name of ohonite, the re.sidue 
remaining after the purification of ozokerite 
forms an excellent insulating material for 
electric cables (J. goc. Cbom. Ind. 1905, 518) 
and with an admixture of 60 p.c. India rubber, 
ozokerite is recommended as a very good 
insulating material. 

Paraffin was formerly obtained from ozoke- 
rite by distilling the residue, forming ozokerite 
pitch. 

OzoJeerile vaseline is obtained by allowing 
melted ozokerite to pass through 12-30 filters 
of animal charcoal (depending on the degree of 
decolourisation reciuired). The mass is then 
treated with superheated steam for . 3-4 hours 
at 2.60“ (Gosling, U.). 

OZONE, or active oxyaen. Sym. O 3 ; mole- 
cular weight, 48. Van Marum, m 1785, noticed 
that air or oxygen in f-* -r'-’-i-r -i-,. ...] q£ 
an electrical machine, or • ■ ! . ■ i- ■ . -ries 

of electric sjiarks had been passed, acquired 
a peculiar odour, somewhat resembling that 
of chlorine ; and C'ruickshank, in 1801, noticed 
a similar smell during the electrolysi.s of water. 
But Schiinbein, in 1840, was the first to recog- 
nis^i that this smell was due to the formation of 
a now^gas, to which ho gave the name ozone 
to smell). Shortly afterwards he found 


that ozone was also formed by the action of 
moist air on phosphorus. At first this sub- 
stance was considered to be an oxide of hydro- 
gen, but the researches of Marignac and Ue la 
Rive, of Andrews and Tait, of Eremy and Bec- 
querel, of Brodie, and others, and especially of 
Soret, established the fact that ozone is an allo- 
tropio form of oxygen produced by the condensa- 
tion of throe volumes of oxygen into two of ozone ; 
or, in other words, that, whilst the molecule of 
oxygen contains two atoms, that of ozone oon- 
tain.s three. Its formation may be expressed by 
the equation 303 = 203 . One view held for some 
time was that ordinary oxygen was composed 

1 “ ■ ozone, and positive oxygen, 

■ , I ■ ■ ■ existence of the third form, 

or antozona, has boon disproved. 

Preparation. — As already stated, ozone is 
formed when a series of electric sparks is passed 
through oxygen or air*, but the proportion of the 
oxygen so transformed is very small. A much 
larger proportion of ozone is formed when the 
silent discharge is suhiutituted for the spark 
discharge, a contraction of the volume of air 
or oxygen occurring at the same time. 

For this purpose a current of air or oxygon 
is passed between the terminals of an induction 
coil placed at a short distance apart and made 
as large in area as possible. The original 
Siemens ‘induction tube’ (1868) consisted of 
two concentric glass tubes, the outer tube being 
covered, the inner lined, with tinfoil. A 
current of air or oxygen is passed through the 
narrow annular space hotween the tubes, the 
metallic surfaces of the inner and outer tubes 
being connected with the terminals of an induc- 
tion coil or electrical machine, and thus trans- 
formed into terminals of largo area. A number 
of modifications of this apparatus have been 
employed. In some of these ■ the metallic 
terminals are replaced by good conducting 
solutions, .such as copper sulphate solution, &c.", 
in others by shot, powdered graphite, &c., anti 
the inner glass tube may be advantageously 
replaced by a metal tube. In many forms the 
terminals consist of fiat ractallio plates placed 
close together with a sheet of dielectric (glass, 
mica, &c.) between thorn, in others one or both 
poles consist of one or ■ more points. Some 
inventors have claimed to get better results 
without the solid dielectric, relying only on the 
thin layer of air or oxygen between the plates 
as the dielectric. There is, however, little doubt 
that the solid dielectric between the electrodes is 
advantageous ; on the one hand, acting as a 
condenser it increases the regularity of the 
discharge, and on the other, it very greatly 
reduces the tendency to aparlcing. But in all 
cases the principle is the same, viz. the passage 
of a current of air or oxygen between terminals 
of largo area, placed very close together, and 
thus offering as little resistance as possible to 
the silent discharge and reducing sparking to a 
minimum. 

More ozone is obtained when a current of 
oxygon is used than when air is employed. The 
proportion is also increased by thoroughly drying 
and cooling the oxygen, by increasing the pres- 
sure of the air or oxygen, and by bringing tlio 
terminals as near together as possible. Sparking 
is very detrimental, destroying much of the 
ozone formed. The best result is obtained when 
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there is a continuous ‘ glow ’ discharge. If the 
air is moist, some nitric acid is almost invariably 
formed. Under favourable conditions, and when 
great care is taken to keep the temperature of 
the apparatus and gas low, about 25 p.c. of the 
oxygen may be converted into ozone ; but ordi- 
narily, or on the large scale, the proportion ob- 
tained is much smaller. 

Briner and Durand (Compt. rend. 1907, 146, 
1272), by immersing their ozoniscr in liquid air 
at a temperature of —194° succeeded in con- 
verting 99 p.c. of the oxygen into ozone. In a 
bath of liquid carbonic anhydride and ether 
(—78°), only about 11 p.c. of the oxygen was 
converted. In the liquid air-bath the optimum 
pressure is about 100 mm., when the yield of 
ozone reaches about 55 grms. per kilo -watt-hour. 
As the pressure increases or decreases the yield 
decreases, being about 29 grms. at 255 mm., 
and 37 at 45 mm. Even at —194° the spark 
discharge only gives about 1 p.c. of ozone, and 
the authors suggest that even this amount is 
probably duo to the action of the silent discharge 
simultaneously occurring. The authors found 
that under the conditions of their experiments 
very little heat was produced by the silent 
discharge, the evaporation of the liquid air-bath 
being hardly appreciably greater when the electric 
current was passing than when it was not. 

The yield of ozone jjroduced by the action of 
the silent discharge varies greatly under varying 
conditions, which will be considered later under 
the section Industrial preparation. 

Schiinboin noticed the formation of small 
quantities of ozone when phosphorus, partially 
covered with water, was left in contact with air. 
The phosphorus is oxidised-'' . -■ ■’ 

phosphoric ackb, traces of .■ ■ 

at the .same time, together with some hydrogen 
peroxide. According to Van’t Hoff (Zeitsch. 
physikal. Chem. 16, 411) 4 atoms of phosphorus 
can cause the production of 1 mol. ozone. If 
the ozone remains in contact with the phos- 
phorus it is .soon decomposed again, as it oxidises 
more of the ])hosphorus. The bc,st re.sult3 are 
obtained by passing a rapid current of air through 
a tube or bottle containing moist pho.sphorus at 
about 24°, but the quantity of ozone formed 
oven then is very small. The action does not 
take ])lace at ordinary atmospheric pressure 
Ijolow 6°, and the optimum temperature is about 
24°. Under reduced pressure the action still 
takes place at 0°. The addition of sulphuric 
acid and permanganate or dichromato to the 
water increases the yield of ozone. Dry phos- 
phorus does not readily cause this reaction, but 
it is found that if the surface of the phosphorus 
1--- occasionally fusing it, ozone is 
. . . the presence of water. Pure 

oxygen does not readily give this reaction unless 
its pressure is reduced. A mixture of oxygen 
Avith three or four times its bulk of hydrogen 
gives rather more ozone than air does, but the 
reaction is dangerous, as the phosphorus may 
become heated to the ignition ])oint of the 
mixture and cause explosion. The slow oxida- 
tion of turpentine, oil of cinnamon, and many 
other organic stib, stances, is also accorapanied 
by the formation of trace.s of ozone. 

The action of concentrated .sulphuric acid on 
the peroxides of barium, sodium, hydrogen, &c., 
and on the salts of the pcr-acids at low tempera- 


tures yields oxygen containing small quantities 
of ozone. Potassium permanganate or chchro- 
mate give with strong sulphuric acid strongly 
ozonised oxygen. 

If pure potassium chlorate is heated pure 
oxygen is i)roduced, but if the ordinary com- 
mercial salt is used or manganese peroxide or 
another peroxide is added the oxygen evolved 
contains traces of ozone. 

Crystallised periodic acid when heated at 
130°-136° breaks up into water, iodic anhydride, 
and strongly ozonised oxygen (Rammelsberg), 
and aqueous solutions of the acid and of its 
sodium salt gradually acquire the smeU of ozone. 

Fluorine decomposes water and this reaction, 

■ bs’ly m! h,w temperatures, is accompanied 

ii:-: - 't It! of appreciable quantities of 
ozone, amounting sometimes to 10-12 p.c. 
(Moissan). If water is dropped into a tube of 
fluorine, deep blue vapours of ozone are evolved. 

Malaquin (J. Pharm. Ohim. 1911, [vii.] 
3, 329) has described a new and convenient 
method of preparing sm"''l -p ozone. 

20 grms. of ammonium ■ ■ ■ . , mixed 

with 15 grms. of nitric acia m a naslc, the air 
displaced by carbon dioxide and the mix- 
ture then carefully heated to 66°-75°. The 
reaction, which is exothermic, then proceeds 

v d, the resulting gas, after 

' • ^ ■ '■ ■■ ■ carbon di x'b ’-7- ■ , 

through weak potash solution, ■ i- :! 
ozone, mixed with about 90-92 p.c. oxygen ancl 

4-5 p.c. nitrogen. ’■ 'v'- ■■ - 'ouse 

larger quantities of t' — . ■ ■ = i ■ the 

above, nor to increase the quantity of nitric 
acid. 

The oxygen evolved at the positive electrode 
during the electrolysis of stron gly acidulated water 
contains ozone when the anode is composed of a 
non-oxidisablo material, such as gold, platinum, 
lead peroxide. But under ordinary conditions the 
quantity formed is very small, especially if the 
surface of the electrode is large. The quantity 
of ozone produced is increased by increasing 
the intensity of the current, by decreasing the 
surface of the anode, and by reducing the 
temperature. Fischer and Massenez (Zeitsch. 
anorg. Chem. 1907, 52, 202) used as anode a 
narrow platinum t\ibe coated with glass with a 
narrow slit cut through the glass so as to expose 
a very small surface of platinum. The anode 
was kept coo’ ’ 'through it a current 

of calcium . ' . ■ i" at —14°, and the 

electrolyte itself (sulphuric acid with five times 
its volume of water, i.e. just below the con-' 
centra''-' ‘ ■ d .i' ■ n I--' ' 

0°. i ■ ■ ■ . , - do;,- ■ 

containing 2» ii.c. or ozone oy weigne. Fischer 
and Bondixsolm (Zeitsch. anorg. Chem. 1909, 61, 
13, 153), by embedding platinum foil in glass and 
grinding away the edge so as to expose a lino 
of platinum of 0-01 mm. width, have obtained 
oxyg ■' ■ "’3 ■■ . ■ . ozone. Archibald and 

von'. ' .- ■ /-'i; . Elektrochem. 1911, 17, 

812) ■ . i . in the electrolysis of 

dilute .sulphurio acid the yield of ozone may be 
Gon.siderably increased when an alternating 
current is ]>assod in addition to the direct current 
used for clcctroly.si.s. The alternating current 
apparently depolarises the electrodes, in con- 
sequence of which more of the atomic^ oxygon 
liberated at the anode re-combines to form ozone 
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than under ordinary conditions. Tlio authors 
found that of the anodic oxygen produced by the 
direct current, as much as 37 p.c. may be evolved 
in the form of ozone, although, owing to the large 
amount of gas produced by the alternating 
current, the content of ozone in the total anodic 
gas does not exceed 12 p.c. The electrolytic 
preparation is convenient for laboratory work, 
high concentrations being obtainable, but the 

consumption of curi-"-'- ’ of all 

jmoportion to that ■ . ■ ■ ■ silent 

discharge method— so that there is little likeli- 
hood of its being commercially available. 

The formation of ozone being a strongly 
endothermio reaction, Nernst (Zeitsch. Elektro- 
chem. 1903, 9, 891) argued, from theoretical 
considerations, that at high temperatures oxygen 
should become self-ozonised, and that at 6640° 
oxygen must contain 10 p.c. of its volume in 
the form of ozone. Much experimental work 
was carried out to try and produce ozone by 
heat alone, but without succe.ss. However, 
Fischer and Braelimer (Ber. 1906, 39, 940), 
Fischer and Marx {ibid. 1906, 39, 3631 ; 1907, 
40, 443), and Fischer and Wolf {ibid. 1911, 44, 
2956), have proved the correctness of Nernst’s 
views. The decomposition velocity of ozone at 
1000° is so enormous that at that temperature 
1 p.c. would bo reduced to 0-001 p.c. in 0-0007 
seconds. The only chance of obtaining the ozone 
formed at the high temperatures is, therefore, 
by cooling instantaneously, i.e. more rapidly 
than the decomposition, velocity. This was 
olfeotod by carrying on the heating or com- 
Ijustion in contact with liquid air or liquid 
oxygon. Flames of hydrogen, and acetylene 
(jf 1 o.m. length burning at the nozzle of a narrow 
(iuartz tube were plunged into and continued 
burning in liquid air or oxygen. Flames of 
CO and Sflu could not bo made to burn in the 
liquid oxygen, but wore made to impinge on its 
surface. Burning sulphur and burning charcoal 
Were thrown on to the surface of liquid oxygen. 
In all these cases ozone was obtained, the cooling 
elhjctocl by tiio liquid oxygen bemg more rapid 
than the rate of decomposition, the ozone 
formed was at once cooled and immediately 
dissolved in the liquid air or oxygen. When a 
glowing Nernst pencil at a temperature of about 
2200° was plunged into liquid oxygen, ozone was 
produccvl, and when the experiment was con- 
tinued for 10 hours nearly 4 p.c. of the oxygen 
was converted into ozone. Ozone was obtained 
■when a current of oxygen or air was made to 
impinge on a glowing Nernst pencil in liquid air, 
or through a orated pencil. With moist 
oxygen or with a fine stream of water hydrogen 
peroxide is also formed, and with air oxides 
of nitrogen are present. In the latter ease, the 
slower the stream of air the more oxides of 
nitrogen ar.b produced, the more rapid the stream 
the more ozone. With a stream of air of velocity 
above 30 metres per second ozone alone is 
produced, and below 5 metres i)er second only 
oxides of nitrogen. When an electrically heated 
])latinum wire at 1700° was plunged in liquid 
air ozone was formed, l)ut no nitric oxide.s. In 
liquitl oxygen the platinum wire fused after 
disintegration, but by glazing it Avith zircon 
chloride or yttrium nitrate, the platinum wire 
lasteS, sproo minutes, and ozone Was then 
produced. The arc light m liquid air produced 


ozone and oxides of nitrogen. In these reactions 
with air currents short heating and rapid cooluig 
produced mainly ozone, long heating and slow 
cooling mainly oxides of nitrogen, and long heat- 
ing and rapid cooling mixtures of ozone and 

'b " i' ■ ■ In the combustion of hydrogen 
■ ' hydrogen peroxide was among 

the products. By varying the conditions the 
authors Avere able largely to control the forma- 
tion of the various products. With the Nernst 
pencil in liquid air the action of the electric 
energy in the form of heat approximates to the 
same order of magnitude as it does in the 
silent A — '„pi{q stream of air or 

ozone ■ ! _ against a Bunsen flame 

produc ■ ■■ , and has been suggestcrl 

as a teclmical method ; hut though the actual 
energy consumed in using high temperatures 
alone may not bo excessive, the other conditions 
render its technical appilioation hopeless. 

The cathode rays and the ultra-violet light 
rays acting on air or oxygen produce ozone, and 
this action is much increased at Ioav tempera- 
tures. If liquid oxygen is exposed to these rays 
ozone may be detected on evaporating the 
oxygen. If solid oxygen snoAV is dipped in 
liquid hydrogen and exposed to the ultra-violet 
rays, the oxygen, after evaporation of the 
hydrogen, is found to contain ozone (DoAVar). 
The action of the ultra-violet rays in the sun’s 
rays, on the upper layers of the atmosphere, is 
almost certainly one of the main causes of the 
ozone present in the atmosphere. But Avhilst 
the ultra-violet rays produce ozone from oxygen, 
they also have a destructive action on ozone 
already formed. 

The rays emanating from strongly radio- 
active metals and their salts produce traces of 
ozone when acting on air or oxygen (Ourie, 
Compt. rend. 1899, 129, 823). 

Ozone is produced in minute quantities 
during the evaporation of AVater, especially 
Avhen the latter is in the form of spray, and this 
forms one source of the ozone present in sea air. 

Properties . — In almost all its modes of pro- 
duction ozone is mixed AA'ith considerable, 
generally AVith very largo quantities of oxygen 
or air. In this diluted state it has a strong and 
characteristic odour, somoAvliat resembling that 
of dilute chlorine, and appears colourless unless 
vieAved through layers of several feet Avhen its 
blue colour becomes visible. The odour is 
distinctly detect ■ ■' , p^jj; 

of ozone in ■ i.- . 1 , ■ . . . and 

Ohappuis (Compt. rend. 1882, 94, 1249) first 
succeeded in separatmg approximately pure 
ozone by carefully compressing ozonised oxygen 
to 125 atmospheres pressure at the temperature 
of liquid ozone con- 
densed as ■ fUr. — J. 

highly compressed, gas being . - . , ■ ^ i 

colour. Liquid ozone mixed AVith some liquid 
oxygen is obtained Avhen a current of ozonised 
oxygen is passed into a tube placed in a bath of 
liquid oxygen. Ladenburg (Ber. 1898, 31, 
2508 and 2830), by the careful fractionation of 
the mixture thus formed, obtained ozone of a 
purity of 84-4 p.c. Wlien strongly ozonised 
oxygen is bubbled sloAAdy through liquid oxygen 

‘ During coiniircssiori care must be taken to keep 
the teniperature from rising mucli, as otlicrwise tlie 
ozone is liable to explode with great violence. 
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in a tube, a mist gradually forms above the 
surface of the oxygen, and after a little while 
a dark blue drop of liquid ozone forms just 
above the surface (Dewar). On raising the tube 
a little this drop may bo brought into contact 
with the liquid oxygen in which it immediately 
dissolves. Liquid ozone is a very deep blue, 
almost black liquid which is transparent in 
thicknesses of less than 2 mm., but above that 
thiclmess is almost opaque. 1” ■ \ . 

was first given by Olszewski /'I . . 

8, 69) as —100°. A carebil re-determination 
by Troost (Compt. rend. 1898, 126, 1751) gave 
— 119°. Liquid ozone is fairly stable at tem- 
peratures below its boiling-point, and may be 
distilled if contact with organic matter or other 

oxidisabh ' ■■ --TOkled, but the least 

trace of ■ ■ ises violent explosion. 

The gasc . ■ ■ i . ' by the vapourisation 
of the liquid is dark blue in colour and is very 
unstable, exploding violently on a slight rise in 
temperature or by contact with a trace of organic 
matter or easily oxidisablo substance. As is 

natural ' . ■■ 'othermio compound 

the gas ■ . ■ ■ spontaneous decom- 
position . ' ■ . ■ . ■ atements have been 

made as to the decomposition of ozone in ad- 
mixture with air and oxygen, owing, in many 
cases, to the presence of traces of impurities in 
the samples tested, but the recent researches of 
Chapman and Jones (Chem, kSoc. Trans. 1910, 
97, 2463; 1911, 99, 1811) have cleared ^jp the 
doubtful points. The decomposition, which is 
very slow at low temperatures, is greater 
the more ozone is present, increases rapidly 
with rise of temperature — at 100° from about 
one-half to three-quarters is destroyed in 
half an hour — and is almost instantaneous at 
300°. The decomposition at high temperatures 
is accompanied by phosphorescence, Avhich is 
very marked when a hot glass rod is brought near 


I . ■ ■■. ■ ' ' ■ ' :1 

phosphorescence when passing ozone vapour 
through a capillary opening. The presence of 
oxygon, nitrogen, carbon dioxide, and moistxirc 
influence on the rate of de- 

I ; , ■ presence of traces of oxides 

of nitrogen, chlorine, phosphorus pentoxide, 
&c., very considerably accelerate it. Reduction 
of pressure also increases the rate of decom- 
position. 

Ozone is decomposed in unlimited quantity 
by the peroxides of manganese, cobalt, nickel, 
and lead, by the oxides of copper and iron, and 
also by silver leaf, the oxides or silver under- 
going no permanent change. These effects are 
probably duo to the successive or simultaneous 
formation and decomposition of higlier oxides. 
In the case of silver leaf the alternating forma- 
tion and decomposition of silver oxides may he 
observed. In some cases ozone acts, like hydro- 
gen peroxide, as a deoxidising agent on highly 
oxidised compounds. Thus hydrogen peroxide 
is reduced to water, and barium peroxide to the 
monoxide. In these cases the ozone is simul- 
taneously decomposed : 03 -|-H 202 = 202 -)-I-LO. 
Ozone is also decomposed when agitated with 
powdered glass, or by passage over spongy 
platinum or palladium. It is, however, witliout 
action on permanganic or perchromic acids. 

Very varying statements are made as to the 


solubility of ozone in water, some observers 
stating that it is insoluble. It is undoubtedly 
somewhat soluble, although the degree 
has not yet been satisfactorily determined. 
Various causes are probably contributory to 
these discrepancies. The tests have generally 
been carried out with very dilute mixtures, and 
the experimental figures so obtained multiplied 
up to correspond to pure ozone. The experi- 
mental error is thus very largely increased and 
is further augmented by the partial decomposi- 
tion of the ozone during the tests, the very great 
variation in solubility at varying temperatures 
and possible deviation from the law of solution 
according to qxartial pressures. From some of 
the most trustworthy results it appears to be at 
least ten times as soluble in water as oxygen is. 
Thus Garins found the coefficient at 1°=0‘834, 
Schoneat 18°— 0'366, and McLeod at 14°=0-274. 
Mailfert (Compt. rend. 1894, 119, 951), w'orking 
with an air ■■ ■ g p.c, by volume of 

ozone, gives “ ■ of solubility as 

0-64 at 0°, 0-5 at 11-8°, .0-27 at 27°, 0-03 at 55°, 
and 0-0 at 00°. Ladonburg, on the other hand 
(Ber. 1898, 31, 2510), gives the solubility as 0-01 
by volume. The solutioxi acts as a poxverful 
oxidiser, and has the characteristic odour of 
ozone. The ozone in solution gradually dis- 
appears, and simple agitation of ozonised oxygen 
with w'ator destroys much of the ozone. 

The so-called ozone water of commerce 
generally contains no ozone, its activity being 
clue to hypochlorites, nitrous acid, &o. 

Ozone is a very strong oxidising agent, giving 
up onc-third (one atom) of its oxygon very 
readily. Thus it converts coixpor, mercury, 
silver, iron, and most other metals into the 
corresponding oxides, but tins reaction appears 
to require the presence of traces of moisture. 
Only gold, platinum, and gome other metals of 
the platinum group are unattacked. Ozone has 
a remarkable effect on mercury, one bubble of 
oxygen, containing i of its bulk of ozone, 
being sufficient to alter the physical condition 
of several pounds of mercury. The mercury 
loses its mobility, convexity of surface and 
lustre, and adheres to tho surface of glass. 
If the ozone is moist, permanent oxidation takes 
place, but if q)erfeotly dry the mercury is said 
to recover its usual physical properties ■when 
exposed to dry air. Ozono oxidises lead sul- 
phide to sulphate, ferrocyanides to ferricyanides, 
manganous to manganic compounds. 

Moist ozone oxidises phosphorus, suliihnr, 
selenium, tellurium, and arsenic to phosphoric, 
sulphuric, selenic, telluric, and arsenic acids re- 
spectively, ammonia to nitrous and nitric acids, 
and silver and lead to their peroxides. Ammonia 
is oxidised to ammonium nitrite and nitrate, and 
hydrochloric, hydrohromic, and hydriodic acids 
are oxidised to water and tho free halogen. 
Traces of ozone hinder tho combination of 
hydrogen and clflorine, and traces of chlorine 
hinder the formation of ozone by the action of 
the silent electric discharge. It liberate.s iodine 
from potassium iodide, tho potassium being 
converted into tho hydroxide 

2KI -b O;, +H..0 =2KOI-T.+ 0 .-h I. 

This reaction forms one of tho host means of 
' ' - - .r-aount of ozotic in a,,gas, as 

■ ■ ..1 : can readily he, citfi mated by 

titration. But in largo excess ozone, in presence 
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of the alkali, oxidises some of the iodine to form 
iodite, iodate, and even periodate (Garzarolli- 
Thumlackh, Monatsh. 1901, 22, 456). 

Ozone oxidises most organic compounds, 
destroying caoutchouc and vulcanite, for 
instance, so readily that these cannot be used 
for maldng connections in its preparation. It 
bleaches ^ most vegetable colouring matters 
(indigo, litmus, &e.), and decolourises blood. 

In most of the above oxidations the volume 
of the gas remains unaltered, the molecule of 
ozone giving up one atom of oxygen to the 
substance and ■ ’ ide of oxygen: 

Cu-l-03=0uO+‘ ‘ . I ■■■ oil of cinna- 
mon, and man; ■ ■ , ' oils, however, 

absorb the ozone molecule as a whole, and the 
reaction has been utilised to determine the 
composition of _ ozone. Thus, if a carefully 
measured quantity of dry oxygen is ozonised, 
the contraction carefully noted, and then the 
resultant gas shaken with turpentine, the ozone 
is absorbed with a further contraction, twice as 
great as the first, the remaining gas being 
oxygon. This points to the contraction of three 
volumes of oxygen to form two of ozone, and 
this result has been confirmed by Soret and 
others, who also determined the relative rates 
of diffusion of mixtures of ozone and oxygen and 
of chlorine and oxygen.' The molecule of 
ozone, therefore, contains three atoms of oxygen, 
one of which is easily liberated in the nascent 

Sti. , e. ;.l;' I '(■ .t.iT!' ■;!, ■■■ 03 = 02-|-0. 

In \'i ((,, (, , \' I, i'.”.,,- -the ozone 

molecule acts as a whole, no free oxygen being 
liberated. This, as originally noticed by Brodie, 
is particularly the case in its oxidation of gases, 
sulphur dioxide, for instance, being directly 
oxidised to sulphur’ trioxide SSOa-tOs^SSO, 
(Riesenfeld, Zeitsoh. Elektroohem. 1911, 17, 634). 

Some unsaturated organic compounds con- 
taining double linkings absorb oxygen to form 
comparatively stable ozonides {see Ozonides), 
■but_Molinari finds that compounds with treble 
linldngs do not form these derivatives and 
proposes this reaction for distinguishing between 
double and treble linldngs. 

Hydrogen is not oxidised by ozone at 
ordinary temperatures, but is at 100°. Water 
is not directly converted into hydtogen peroxide. 
Carbon absorbs and decomposes ozone, but is 
not itself oxidised at ordinary temperatures. 

Ozone acts on solid or strong solutions of 
potash at low temperatures to form an unstable 
brown compound, which is probably KgO. 
(Baeyer and Villiger, Ber. 1902, 35, 3038); 
this may be looked upon as a salt of an ozonic 
acid H204(03-1-H20=H204). On rise of tem- 
perature, or acidifying, oxygon and traces of 
hydrogen peroxide are formed, hut no ozone. 
'With lime water ozone produces a granular 
precipitate which is probably a peroxide. With 
acetylene ozone reacts with explosive force. 

If gold or platinum plates are immersed in 
ozonised air or oxygen they are found to have 
become other similar plates. 

Copper I ■■ action, but to a very 

much less degree. 

The great chemical activity of ozone and its 
unstable character are largely duo to the fact 
that it Js a highly endothermic substance, and 
thus gives ^out a great deal of heat on decom- 
position. The following, are the most important 


determinations by various mvcstigators of the 
heat absorbed in the formation of ozone from 
oxygen : — 

Hollman, 1868 .... 17,064 Cals. 
Berthelot, indirect, 1876 . . 29,800 „ 

Mulder and v. d. Mculen, indirect, 

1882 33,700 „ 

V. d. Meulen, indirect, 1882 . 32,800 „ 

V. d. Meulen, direct, 1883 . . 36,600 „ 

Jahn, direct, 1908 . . . 34,100 „ 

Kailan and Jahn, 1910 (Zeitsch. 

anorg. Chem. 68, 243) . . 34,500 „ 

Kailan and Jahir, 1910 {ihid.), de- 
comp. by hot pt. wire . . 34,000 „ 


Ozone gives an absorption spectrum consist- 
ing of numerous lines, of which the two most 
oharacteristio (of Avave length 609’6-696-5 and 
577-560) lie close on each side of the I) line. 
Chappuis (Compt. rend. 1882, 94, 858) mapped 
11 bands Ijdng between the wave length 628’6 
and 444. Schone (Zeitsch. anorg. Chem. 1894, 
6, 333) observed 13 more or less intense linos. 
Ladenburg and Lehmann (Ber. Deut. physikal. 
Ges. 1906, 4, 126) noticed, in the spectrum of 
liquid ozone, a line in the red which only appears 

when about f of the ozone is i 

considered to ■ ■ i' ■ 

molecular ■ ' jxygon being present, 

indications of which are to be found in other 
characteristics of ozone. Hartley (Chem. Soc. 
Trans. 1881, 39, 60, and 111) found many of the 
dark lines of the solar spectrum to bo duo to 
absorption by ozone present in the atmosphere 
and considered the colour of tho sky to bo 
largely due to this ozone. Moyer (Ann. Physik. 
1903, [iv,] 12, 849) confirms Hartley’s results 
and conclusions. 


_ Ozone IS more magnetic than oxygen, the 
ratio of its specific magnetism to that of oxygen 
being greater than the ratio of their densities. 

Oxozone. Various workers have suspected 
the presence in ozone of a still more condensed 
form of oxygen. As already mentioned Laden- 
burg came to this conclusion from his study of 
the spectrum of liquid ozone, and in conjunction 
with Goldstein obtained ozonides containing 
the group O4. Harries (Zeitsch. Elektroohem. 
1911, 17, 629), by evaporating a mixture of 
liquid oxygen and ozone through a series of 
flasks, fouiid the sp. gr. of the gas in the first 

n that of the gas in the second, 

[■ ■■■;= ■ in tho first flask liberated more 

Jodine from potassium iodide than corresponded 
to its sp. gr., whilst that in the second liberated 
the expected amount. He then found (Zeitsch 
Elektroehcm. 1912, 18, 129) that whilst, as has 
been generally stated, moderately ozonised oxy- 
gen may be passed through caustic potash solu- 
tion and sulphuric _ acid without appreciable 
loss of ozone, this is not the case with very 
cemcentrated ozonised oxygen, at all events 
when the latter has been produced by the silent 
discharge with a high tension current. Working 
with a mixture containing 11-14 p.c. of ozone 
produced by an 8000-volt current of 10 per 
second periodicity, Harries found that 3-4 p.c. 
loss of ozone occurred when the mixture was 
bubbled through a solution of caustic potash 
and a further 2-3 p.c. if it Avas subsequently 
passed through sulphuric acid. He has 
further (Ber. 1912, 45, 936), in conjunction 
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with some of his students, published the ; 
results of the action of the washed and un- 
washed ozone in the preparation of ozonidos. 
Ho finds that butylene with tho wa, sired ozone 
])roducos the monomeric ozonide (J 4 H „03 and 
the dimeric ozonide ( 0411303 ) 2 , but that 
with the unwashed gas the mono- and di- 
meric oxozonides O 4 H 8 O 4 and ( 04 H 304)2 are 
also produced (Evers). Treating tetrahydro- 
benzono in hexane with the washed ozone the 
solid ozonide OgH-ioOj is readily obtained, even 
without recrystaliisation, whilst with tho un- 
washed a mixture of the ozonide and the oxozo- 
nide is produced (Seitz). Oaoutohouc similarly 
yields OjoH jqO 3 and GmHiflO « (Hagedor). From 
these results there is no doubt of the presence 
of a compound O 4 in ozone, and under the con- 
ditions in which Harries worked, ho considers 
that of the so-called ozone about one-third was 
really oxozone. It is probable that the greater 
liberation of iodine just referred to is due to 
oxozone acting in a different manner from ozone 
on potassium iodide. 

Detection and determination. Ozone is most 
readily detected by means of paper moistened 
with a mixture of starch and potassium iodide. 
If ozone is present, iodine is liberated, and the 
starch paper coloured blue. Tliis reaction, how- 
ever, is also produced by nitrous and nitric 
acids, by chlorine, &c., so that it is not con- 
clusive. A more conclusive test is to take a 
piece of neutral litmus paper and moisten half 
of it TOth a neutral solution, of potassium 
iodide. If now this paper is subjected to tho 
action of ozone the potassium iodide is oxidised 
and caustic potash formed, which at once turns 
the litmus paper blue. The turning blue of 
tho part of tho litmus i)apcr not treated with 
the iodide would indicate tho presence of any 
ammonia, which might otherwise be taken for 
ozone. Chlorine, nitrous acid, &c., if present, 
would form a neutral potassium salt, or would 
show an acid reaction. If, then, the untreated 
end remains the neutral purple whilst the 
iodised end turns blue, tho presence of ozone 
is fairly conclusively proved. The litmus may 
be ■' ’ - ir ’reed by phenolphthalcin 

or ; . . , ■ . ■ ' ^ ■ moistened mth guaia- 

cum or with tetramethylene- 2 }-phcnyldiamine, 
both of which are turned blue by ozone, arc very 
sensitive, but, like iodised starch paper, are also 
similarly acted on by other oxidising agents. 
Arnold and Mentzel (Ber. 11302, 35, 1324 and 
2902) recommend paper soaked in solution of 
benzidene’ or of tetramcthyl-di-jp-aminophenyl- 
methane. Tho benzidene is coloured brown by 
ozone, blue by nitrous acid, blue and then red by 
chlorine, and gives no reaction with hydrogen 
peroxide, hydrocyanic acid, sulphuretted hydro- 
gen or ammonia. The ‘ tetramethyl base ’ 
gives violet with -with nitrous 

fumes, deep blue -v... ..r H.. ..nd no reaction 
with hydrogen peroxide. The sensitiveness of 
the reaction ip inc’ d I"' a trace of 

acetic acid. For ; ■ ■ determina- 
tion of ozone tho ' reaction is 

satisfactory. It is best to pass the ozone 
through the neutral potassium iodide solution 
and acidify before titrating, but some investi- 
gators prefer to acidify before passing the ozone. 
In either case it is essential rhata largo excess of 
the iodide solution should be present, as other- 


wise some oxidation of tho liberated iodine may 
occur. Ladonburg (Bor. 1903, 36, 115) obtained 
satisfactory results by r- ,” < ■ / 1 ] 

through standardised :■ . ■ _ > ■ i ' 

and then titrating. 11 ■ ; ' . ■ ' 

agents other than ozo,; ■ . | : > 1 , ■■ j. 

mations should be made, the one of the gas 
in question, the second after the gas has been 
passed through a tube, heated at 260° to destroy 
the ozone. The difference of the two tests gives 
the ozone present. The presence of oxides of 
nitrogen may also be detected by passing the 
mixed gases into liquid air. The ozone is dis- 
solved whilst even traces of 1 , 

are at once solidified and n . . 

The determination of the density of the 
ozonised air or oxygen has been used for 
measuring the amount of ozone present. Otto 
has designed a baroscopic apparatus for this 
purj)ose, and also a dilatometer for utilising for 
the same purpose the dilatation caused by 
decomposing the ozone at tho temperature of 
boiling amyl benzoate (261°). 

Ozone is present in minute quantities in the 
atmosphere. The maximum amount is certainly 
never more than 1 part in 450,000 of air. Its 
r ‘ I' 'robably tho silent discharge 

I ■ . and accompanying the 

flash discharge of lightnmg, the evaporation 
of water, and especially of saline waters, as m 
the sea foam, the action of some vegetable 
products on the air, and, perhaps, in tho greatest 
degree the action of the ultra-violet solar rays 
on the atmosphere. Wurster found (Ber. 
19, _ 3208) that ozone is also formed by the 
action of sunlight on clouds. When clouds are 
continually formed from above [i.e. in sun- 
light), all become laden with ozone, wlulst when 
they are formed from below tho upper layers are 
much more charged than the lower. 

Tho ozone present in the atmosphere probably 
plays an --.j,---; - - y keeping the air pure 
and fresh ' ; ■ . the deleterious organic 

matter constantly passmg into ■■ 

from decomposing flesh, animal ■ ! 

In the open country, and especially by tho sea- 
side, ozone can always be detected, but in the 
air of largo towns it is either absent or present 
in much smaller quantities. Richardson pro- 
posed (Asclepiad, 1887) tho artificial production 
of ozone for tho purpose of purifying tho air of 
sick-rooms and even of towns, but it is only 
recently that this use has been practically intro- 
duced. 

■ When present in the air in very minute quan- 
tities ozone is very advantageous to health, but 
if tho quantity present is enough to cause a 
strong odour it is found to have a very irritating 
and harmful effect on the mucous membrane 
and tho sysl”". ■ headache, influenza, 

&c. If the 1 is largo it becomes 

a strong irritant poison, causing acute inflamma- 
tion, and leading to fatal results. Slightly 
ozonised air and oxygon is now sometimes used 
medicinally, especially in pulmonary com- 
plaints. Labbd has shown that ozone to the 
extent of 1 part in 20,000 may bo inhaled for 
half an hour at a time without any ill-effects. 

Industrial preparation and applications. 
In recent years the industrial preparation of 
ozone has been very greatly improved, and has 
developed into an important industry, which is 
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still growing rapidly. Of all the methods of a high current are most economical, between 
producing ozone, the only one which seems 4 and 9 grins, per metre negative points and low 
teclinically economical is that l)j the action of currents (Warburg and Leithauscr). 
the silent discharge in air or oxygen. Starting The production of ozone from oxygen by the 
from the original Siemens ozoniser innumerable silent discharge is accompanied by a simul- 
modifications have been proposed, but those taneous destruc' " — dy ^"'*~iied ozone 

may be broadly divided into three classes, and to oxygen, the . . s ■ . ■ . ■ eater the 

only a few of the principal can be referred to greater the qua . and the 

here. The first class comprises those -with higher the temperature. This, on the one 
smooth electrodes of large area either in the form hand, causes a limitation of the concentration 
of concentric cylinders or parallel plates. The obtainable, and on the other, a decreasing 
second comxirises those having one or both of efficiency the higher the concentration. The 
the electrodes more or less pointed ; and the technical standard of concentration is generally 
third is a combination of the first and second taken as grams of ozone per cubic metre of air 
classes, w'herein the plate electrodes are so modi- or oxygen. The maximum concentrations 
fled or roughened as to virtually transform them obtainable technically are about 50 grms. with 
into a very large collection of points. The air and 150 with i ” joncentrations 

majority of the industrial ozonisers have either and yields, under ■' \ , wuth oxygen 

one or two sheets of a solid dielectric between the arc about three times what they are with air — 
two eleci ■ ’ • gome the air or oxygen but for technical economy much lower con- 

is alone ' ' dielectric. eentrations are used. The concentrations at 

As already stated, the yield of ozone varies present employed arc generally from 1 to 4 grms. 
enormously under varying eonditions of charac- per metre, the lowest concentration being 
ter of discliarge, form of electrode, quantity selected which is consistent with the satisfactory 
and potential of current, &c. These conditions, carrying out of the process in hand. The cost 
which are very complicated, have been studied per unit of actual ozone produced (i.e. con- 
by numerous investigators, War- sumption of energy per unit weight of ozone) 

burg ahd Leithauscr, who f e ■ .-I I d very increases rapidly with increase of concentration 
exhaustive and important ;.r ;''( ir ex- — an hicrease of concentration from 2 to 12 grms. 

periments (Warburg, Ann. Physik, 1901, 5, means a loss of efficiency of at least 25 p.c. This 
781 ; 1902, 9, 1280 ; 1904, 13, 470 and 1080 ; must be borne in mind in comparing costs of 
1905, 17, 6 an l : P"'. . ozone given in published statements, as in some 

1904,209; Wa I ■ ■, . . .. cases Avlierc very Ioav co.sts are claimed, the 

1900, 20, 73‘ : ' ■ : I! ,/'•■•. figures are based on such very low concentra- 

Elektrochom. 1906, 12, 409 ; Gray, Sitz-Ber. K. tions that the ozonised air or oxygen so produced 
AJead. Wissen. Berlin, 1903, 1016; Harries, is of very little technical value. 

Aunaleii, 1900, 343, 334 ; Ber. 1906, 39, 3667 ; Siemens and Ealslce ozo7iiser. This consists 
Askernasy, Tcchnischo Elcktrochomio, 1910 ; of an inner cylinder of aluminium and an outer 
H. de la Coux, L’Ozono et aos Applications one of glass. Six or eight of these are enclosed 
industriello, deuxi6me edition, Paris, .1910 ; de in an iron case which is filled with water, the 
Kay Thompson, Applied Elektrochemistry, water acting both as cooling Avater and as the 
Macmillan, 1911). Reference to these researches one pole, the iron case being earthed and so 
must bo made for details, only some of the charging the water. The aluminium cylinders 
general results can ho summarised. If a point are connected with one pole of the high-tension 
distant 1 cm. from a plate connected to earth apparatus. The current used is 8000-10,000 
is charged negatively to 7000 volts in air, a volts, and about ^ Idlowatt is required for this 
bluish light surrounds the point. On raising unit. 

the potential a red brush f i.:- i:'vd from Andreoli ozoniser. In this, which was one of 
the blue by a dark spac' , ii - p. s.'- .-..•.•..•i-jning the early practical forms of ozoniser, the plates 
dark. From a positively charged point a eonsi.st of serrated bands of aluminium placetl 
reddish light appears at a Ioav potential and a side by side with the ])ointH (17,760 in each 
brush develops as the potential is raised, unit) of each clectrocU) facing one another and 
Old points tend to lose the power of forming having a glass plate betw’een the two plates, 
the brush discharge, giving a spark instead, but Otto ozoyiiser. This consists of an iron 

the brus’" ---r'r k gap even of cylinder through Avhich runs an isolated rotating 

only Od ■ . ■ . ced before the metallic axle on which are mounted a numljcr o)' 

points, i s ■ ■ passes hotw'een thin aluminium discs. The cylinder is con- 

a point and an earth-l)late the positive brush is nccted with the one pole, the rotating axle Avith 
apparent, although by means of a revolving the other, and the discharge passes betAveen the 
mirror it may bo seen that the negative is cylinder and the aluminium discs. No solid 
actually alternately present. BetAA^een plates dielectric or cooling is used and the voltage 
Avith solid dielectrics betAveen them a uniform employed is 80,000. 

luminosity occurs Avith a high potential, a ioAver Tmdul-de- Prize ozoniser. An iron half 

one tending to form brush discharges. As a cylinder forms the one pole, and aluminium discs 
general rule, other conditions being equal, the placed at right angles to the cylinder form the 
yield of ozone in proportion to the energy con- other. No solid dielectric is used and a voltage 
.‘■■■.imm; (1 ■■ !!.. '■■itheuniformluminosity of 15,000-20,000 is employed. The Avhole is 

;;i: .ii ■ i!:::' bho loAA'er the tempera- enclosed in a case, glass cylinders tilled Avith 

lure. The highest concentration of ozone is glycerol being placed between the discs to 
obtained AA^ith negative points, the highest prevent short circuiting or side (.iischarges. 
yield Vith positive points. For concentrations Abraham- Mar tnier ozo7user. In this a])paratus 

up to 4 grins, per cubic metro positive points and large plates a metre square are placed in pairs 


OZONE. G3 


with a metal case filling the space between each 
jjair. A stream of water for cooling runs through 
each metal case, and these cases are alternately 
connected to the tAVo high-tension poles. A 
current of 15,000-20,000 volts is em]ploycd. 

Ozonair ozoniser. This apparatus, which is 
now used extensively in England and on the 
Continent, consists of two plates made of an 
aluminium alloy gauze separated by a dielectric 
plate of micanite. It is claimed for this appara- 
tus that the raised parts of the meshes act as 
rounded points in facilitating the regular flow 
of the current and so avoiding sparking, and that 
the open character of the jflates cause the air 
circulation to prevent undue heating and 
obviate the need for water cooling. Several 
of these pairs of plates are enclosed in a case 
to form a unit. The voltage used is 5000- 
8000. 

Ehvorlhy ozonisar. The electrodes consist 
of metallic spirals surrounded by glass tubes, and 
the inventor claims that the spiral arrangement 
of the electrodes increases the yield of ozone. 
He employs a voltage of 11,000-12,000. 

Howard Bridge ozoniser. In this apparatus the 
plate electrodes are perforated with conical holes, 
the air or oxygen passing in through these 
holes. The inventor claims that in this way the 
air passes more completely into the zone of 
electrical action than when it is introduced at 
right angles to the direction of the current, as is 
usually the case. 

Vosmaer ozoniser. Tliis consists of a series 
of parallel tubes each of which contains at 
opposite sides of the inner surfaces of the tubes 
two electrodes formed of strips of metal suiJ- 
ported on jjorcelain insulators so that their 
inner edges, serrated in the form of a saw, point 
inwards towards each other. 

Gerard 07:oniser, In this 
electrodes consist of concentric ; 
with dielectric eylhiders of glass or mica between 
them. The dielectric cylinder is supported at 
one place only, and the electrodes are cut or 
split so as to allow for free expansion. The 
ozonisers are collected in groups of ten, and the 
inventor claims that very high potential currents 
can be used without sparking, . 1 ■■ ' 

in energy consumption thei „ ■, , : > 

claims to obtain 100 grms. ozone per Idlowatt- 
hour and to reach a concentration of 30 grms. 
per cubic metre (Bull. Soc. Beige do TElcctrie. 
1910, m). 

In the technical apparatus described the air 
may bo drawn or forced through as is most 
convenient. When dry air is used and the 
temperature kept doAvn, about 40-60 grms. of 
ozone per kilowatt-hour is obtained at a con- 
centration of about 2 grms. per cubic metre. 
If oxygen is substituted for the air, about 120- 
180 grms. of ozone is obtained. At loAver con- 
centrations Avith a rapid air current somewhat 
higher yields are obtamed, at higher concentra- 
tions Avith a sloAVer current loAver yields. Erom 
thermochemical considerations the theoretical 
yield of ozone should bo about 1'2 kilos of ozone 
per kilowatt-hour, so that the actual yield at 
present is AVith air only about 5 p.c. and Avith 
oxygen 15 p.c. of the theoretical. It is very 
probable that higher efficiencies may be obtained 
by improved ozonisers. 

Erlwein (Zeitschrift fur SauerstofiundStick- 


stoff, 1911, 3, 143, 164, and 181) calculates from 

these figures that, mcluding — ^ ■ ■ - , 

interest on plant, depreciation . ■ 

the cost of ozone, as it can noAV be actually 
technically produced from air, Avould be from 
14d. to 22d. per kilo, from oxygen from 8d. to 
lid. per kilo, to Avhich latter figure has to be 
added the cost of the oxygen. This Avould 
compare very favourably A\ith the cost of 
available oxygen from the oxidising agents 
usually employed. 

At present by far the largest and most 
important application of ozone is in the puri- 
fication " ■■■V- - . '^■e M6ritena in 1886 

shoAved ■ Avith bacteria Avero 

efficiently agitated Avith ozone the Avhole of the 
bacteria could bo destroyed. Experiments to 
apply this fact to the industrial sterilisation of 
water were carried out in 1891 by Erohlich and 
Werner Siemens, and an experimental plant AVas 
soon afterAvards erected at Martinikenfeld. 
The first installation on a large scale Avas erected 
in 1893 by Schneller, van der Sleen and Tindal, 
at Oudshom, Holland, for treating AA'ater from 
the Eihine, Avhich contained from 5000 to 
1,000,000 bacteria per c.c. This Avas folloAVed by 
an experimental plant at the Hygiene Exhibi- . 
tion in Paris in 1895, and by an mstallatidn at 
St. Maur, near Paris, to sterilise tAvo mUlion 
gallons of Avater from the Marne per diem, both 
bemg erected by Tindal. About the same time 
Siemens and Halske put up large installations 
at Paderboni and Wiesbaden. Extended tests 

conclusively proved that even on the industrial 
scale complete sterilisation of Avator can be 
eliected by ozone. The pathogenic organisms 
are readily destroyed, the most resistant bacteria, 
as in most other antiseptic treatments, being the 
hacillvs suMilis, the presence of Avhich is harm- 
less. Even Avhen the Avater AVas intentionally 
very strongly infected AVith septic bacteria — 
in some cases to the extent of more than a million 
per c.c. — purification Avas complete. It is 
essential that the ozone be brought into contact 
Avith cAmry particle of Avater to be purified, and 
for this purpose various forms of sterilising 
vessels have been used. The forms first used by 
Siemens and Halske and by Abraham-Marmier, 
consisted of AVash toAvers filled with stones doAVn 
Avhich. water hr a fine state of diAusion floAved, 
meeting an upward current of ozonised air. 
Otto used an ‘ emulsifier,’ based on the principle 
of the Korting injector, to obtain his mixture of 
ozone and Avatcr, and in the Tindal - de Prize 
system the ozonised air Avas forced into water, 
floAving doAvn towers contaming horizontal 
perforated baffle plates. In more recent plant 
various modifications and combhiations of these 
methods have been employed. In the Ozonair 
j)lant an additional chamber is employed Avhero 
the Avater is, by means of special nozzles, 
atomised in an atmosiJhcre of ozonised air. 
The amount of actual ozone needed to insure 
certain sterilisation varies according to the 
character of the water, but averages about 2 
grms. per cubic metre (220 gals.), i.e. in the 
concentration of 2 grms. per metro of air usually 
employed, a bulk of ozonised air equal to that of 
the Avater to be purified. It is essential that the 
AVatcr should be free from suspended matter, and 
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if it is not it must be filtered previous to ozonisa- 
tion. If the water contains dissolved organic 
matter this Iras a tendency to liiiidor sterilisation, 
and a larger proportion of ozonised air may be 
necessary. In the same way dissolved iron, 
which is oxidised and precipitated by the 
ozone, increases the quantity of the latter re- 
quired. 

Eresh installations have followed rapidly, 
and at the present time more than forty towns 
in Europe and America have adopted ozone 
purification of their water supplies. Amongst 
these are St. Petersburg (Siemens and Halske, 

11.000. 000 gals, per day), Nice (Otto 10,000,000 
gals.), Elorence (1,000,000 gals.), Philadelphia 
(Vosmaer, 1,000,000 gals, of water from the 
Schuylldll River, which is said sometimes to 
contain two and a half million bacteria per c.c., 
a large proportion of which are septic), and 
Lindsay, Ontario (Ho ward -Bridge, 1,500,000 
gals.). At St. Maur tAvo now installations are 
being erected, each to have a daily output of 

10.000. 000 gals., one having the Siemens-de 
Erise plant, the other the Otto-Abraham- 
Marmier. Hitherto there has been no similar 
plant in England, but the Ozonair Couqjany have 
just completed an installation to treat the Avater 
supply of Knutsford, Cheshire. 

The cost of sterilisation of water by ozone 
must vary ' ' ■' ■'"■'ions, size of 

plant, &c. , ■ ■ ■ ■ : ' . it should not 

exceed one penny per 1000 gals, of water, and 
for large installations may be less than a half- 
penny. The cost of each new installation at 
St. Maur for 10,000,000 gals, per day is to be 
£14,600, and from present worldng the engineer 
estimates that the cost of purification will bo 
one-third of a penny per 1000 gals. 

Portable ozone water ’’ ' 

used Avith success in the ’ Avar, 

small plants for domestic supplies are noAV 
manufactured, and there is a small automatic 
plant obtainaljle Avhich can be attached to the 
Avater supply tap. This consists of a modified 
Korting injector attached to the tap and con- 
nected with a small ozonising plant. The 
current is taken from the house supply, and the 
act of tumuAg on or off the tap automatically 
starts and stops the process. 

Another important application of ozone 
AA'hich has made great r. ■ ■ ■ ‘ is for the 

purification of the ai " ■ enclosed 

spaces. It is now recognised that the bad 
effects of the close air of croAvded rooms, &c., 
is not due to the excess of carbonic acid or of 
moisture present, but to the traces of various 
organic exhalations coming from the Imigs and 
skins of the people and animals present. These 
traces of organic matter are readily oxidised by 
ozone, even when the latter is present in such 
minute proportions as to be harmless and even 
benefioial when breathed. It has been found 
that the introduction of small quantities of 
ozone into close air has the result of removing 
the ‘ stuffiness ’ and rmpleasant effects, and 
making the air pleasant and , j; 

has been said that it also dest? 
present, but for any real bactericidal effect a 
concentration of at least 1 part by volume of 
ozone in 2000 parts of air is necessary, a pro- 
portion AVhieh cordd not be breathed. The 
fresh air from outsjde coming in through the 


ozoniser may very possibly b( ' ■■’’■ed, 

and Avith the Avail ozonisors ■ ■ ■ of 

the air is caused, a part circr ' 
ozoniser and may probably bo , ■' 

Largo numbers of installations have been put 
into private houses, hospitals, theatres, and other 
public buildings, &o., and the jirocess has ju.st 
been adopted on a largo scale for tho purification 
of the air of the Central London Tube Railway. 
It has also been adopted with advantage in eold- 
stores, slaughter-houses, and factories or AV'ork- 
shops Avhere unpleasant smelling Avork is being 
carried on, for deodorising ' ■ . ■ 1 in 

Paris in connection Avith ■. , , ■ of 

clothing. 

As ozone can noAV be obtained at a moderate 
cost, has such active oxidising properties, and in 
oxidising introduces no foreign matter, it should 
find large application in the chemical indu,strie.s. 
It has already been largely used in the production 
of vaniUin by the oxidation of fsoeugenol, one 
company making about 200 tons of vanillin per 
year in this way, and largely through this the 
cost has fallen from about £20 to £2 per lb. 

Ozone is beginning to find applications for 
bleaching various substances, oils, fats, Avaxes, 
sugars, fabrics, &c. It is being used in tho 
ageing of spirits and in leather curing. 

Ozone is noAV being largely used in browerie.s 
Avith good results (Vetter, Wocli. Brau. 1911, 28, 
13, and 26 ; Vetter and Moufang, ibid. 1911, 
28, 377). Passed through yeast the latter is 
greatly improved and strengthened, and tho in- 
troduction of ozone into tho air of fermenting 

... rooms, &c., 1 • - ' 

. i and Moufai^ 

cessful use for sterilising casks, "pipes, &c., but 
this is controverted by Will and Beyersdorf 
(Zeitsch. ges. Brauw. 1912, 35, 73, and 89), 

Ozone has been recommended and used for 
tho bleaching of flour, &c., l)ut it is not satis- 
factory for this purpose, acting detrimentally on 
the flour itself. 


As already mentioned, ozone is now being 
considerably employed for medical purpo.sc,s. 

L. T. T. 

OZONIDES. The term ozonide Avas origi- 
nally applied by Seboenbein to certain mc(.alli(! 

■ a'" vhen decomposed, yield ozoiu>. 

■ i' ■ ■ applied it to certain organic 

‘ozone carriers’ (Chem. Zentr. 1897, ii.'45). 
The term is noAV used almost exclusively to 
designate tho ozone derivatives obtained by the 
action of ozone on varioms classes of unsaturated 
organic compounds. 

The reaction betAVeen ozone and an ua- 
saturatod ethylenio hydrocarbon may be repre- 
sented by the equation 

CHg : OHa -h 0, = OH..— CH., and 


0 0 

O'' 

(CH3),XJ : CH-[CH2]3C<gg;>+203 

-[aH3].,0~(JH-[OI-L]/JMo-Cn, 


0 .0 


0 0 


one molecule of ozone being added on for each 
ethylene linking. When heated or treated AVith 
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water, theso ozonides may decompose in various 
ways : 

X. >(J - — U<+XI.,0=>UO+>CO+H20., 

I I 

0 - 0-0 

XL >0 C< , 0 

i I 0' I +>co 

0 - 0-0 0 


III. >0 0< 

! I -> >00 +>004-0 

0 - 0-0 

II. and III. take place botli in the absence and 
ill the presence of water, whilst I. only takes 
lilaco in the presence of water ; carbon di- and 
monoxide are usually found in the gaseous pro- 
ducts, which shows that more complex de- 
compositions also occur. Ozonides for a long 
time had not been isolated because of their 
ready decomposition by water, and in their 
preparation it is necessary to exclude aU traces 
of water, otherwise these decomposition products 
and not the ozonides are formed. When caustic 
soda is present, the alkali tends to condense and 
resinify' the aldehydes formed in the reaction, 
iind acids are also formed. 

The ozonides of aliphatic compounds so far 
known are not di " ' 

tion in chlorofoi” ’ ■ ■ 

tetruohlorido, but . ■ ■ . , ■ ' ■ ■ ' ' ' ■ 

(^ther ring systen . '■ ■ ■ ■■■■■.' 

separate under ■ 

quantitatively as thick oils or gelatinous masses; 
Hubsiances containing conjugated double bonds 
only add on 1 mol. ozone quickly, but much 
stronger ozone and a more prolonged reaction 
are liecessary to comideto ozonisation. If the 
unsatnratod substanoe also contains a carbonyl 
group, a porozouidois formed, an ozone molecule 
attaching itself to the unsaturated Hnking whilst 
one oxygen atom of another ozone molecule be- 
(tonu's attached to the carbonyl group thus : 

OH 

R-CH— OH.-C<X_o 
I I 

0 0 

'■ '0-^ 

These) substances have the properties of the 
ozonides and when treated with water or sodium 
bicarbonate often yield the normal ozonides 

R-OI-I— 

i 1 ^ 

0 o 

providing the latter are not very unstable. 

Another class of perozonides is mown, 
formed when a hydrocarbon ozonido is treated 
with more ozone; the oxygon atom m this 
case is taken up within the ozone molecule 
and the Hubstances thus formed are regarded ^ 

Harries as being derivatives of oxozone 

Thus the ];)erozonido of cyclohexcne 
CHe-OHo-OHs 

1 i yOi 

VoL. IV.— T. 


would be caEed cychhexeneoxozonide, whilst the 
perozonide of mesityloxide 

McoC— CH-COH-CH s 

“ V II 

O3 o 

would be termed mesityloxideperozonide. The 
oxozonides do not yield ozonides when treated 
I with water ; they are more stable than the 
perozonides and, when treated with more ozone, 
they may sometimes be made to combine i\ith 
a fifth atom of oxygen. The constitution and 
structure of a large number of substances have 
been elucidated by the formation and subse- 
quent decomposition of the ozonides. 

Compounds containing acetylene linkings 
also form ozonides quickly with concentrated 
ozone, slowly with more dilute ozone, but these 
substances are very explosive and have been hut 
little studied. 

Preparation. Oxygen containing 3-lS ji.c. 
ozone is passed over a small quantity of the dry 
substance very slowly, the action being carried 
on for about 2 hours for every 3 grms. of ozonide 
formed. To moderate the reaction and to 
prevent explosion, the mixture and sometimes 
the ozone itself should be kept at a very low 
temperature ; in the case of ethylene, however, 
the reaction proceeds quietly at 15°. Eor the 
same purpose, it is generaEy advisable to use an. 
anhydrous solvent. The solvents formerly em- 
ployed, hexane, carbon tetrachloride and chloro- 
form, have been shown by Harries to be in- 
convenient as they are attacked by ozone. 
Benzene is dangerous, for it forms an explosive 
ozobenzene. 

Glacial acetic acid would be a very good 
solvent, but most ozonides are too soluble in it 
and its hoiling-point is too high for it to he 
readily distiEed ofi or evaporated. Acetone is 
but slightly attacked. Ethyl and methyl chlor- 
ide form very good solvents, but their cost 
prevents their more frequent use. 

The ozonides are isolated by evaporating the 
solvent in vacuo below 20° and purified by solu- 
tion in etEyl acetate and subsequent precipita- 
tion with Eght petroleum. 

Properties. The ozonides are generally tmcK 
oEs or colourless sjrrups with an unpleasant 
choking smell, and are mostly insoluble ui hght 
petroleum but soluble in most other organic 
solvents. They are generaEy explosive, but 
when they do not explode they may often be 
distiEed in vacuo without decomposition ; some, 
however, when thus treated, decompose mto 
ozone and the original unsaturated substance. 
They have most of the properties pf the per- 
oxides, Eberate iodine from potassium iodide 
and decolourise indigo and permanganate solu- 
tions. When reduced with alummium amalgam 
, they decompose thus ; 

L McA OHEGH^la-CMe 

^ =Me.,CO + O^0i[CH3]3COMe+2H„O 

or if the reaction is carried further, then with 

10H=Me,CH-0H-(-0H[0H2]20H(0:H)Me-l.-Ho0. 

The ozonides of the higher ^lipbatio unsatur^ed 
hydrocarbons, containing one 
abo those of the hydroaromatio hydrocarbons 
with one or two double bonds are, comparatively, 
very stable, but those of aEphatic hydrocarbons 
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containing two double bonds are very readily 
decomposed. The 6- and 7-ring compounds 
seem to have similar stabilities towards boiling 
water, but the 5-ring compounds arc much less 
,stal)le than the two former classes. The 
ozonides of substances contaiuhig oxygon are 
very readily decomposed. 

A large number of ozonides have been pre- 
pared of which the following may be described ; 

OH *GH 

Ethylene ozonide ^ is obtained by 

treatmg an absolutely dry solution of ethylene 
in methyl chloride with dry 7 p.c. ozone at about 
—70°, until the solution commences to be 
coloured blue. It forms a transparent colour- 
less oh, b.p. 18°/16 mm., with a pungent odour, 
is reaclUy volatile and explosive. If the ozone 
used is of higher concentration or the reaction is 
continued beyond the production of the blue 
colour, an oxozonide OjHjOi is formed (Harries 
and Ivoetschau, Ber. 1909, 42, 3305). 

The ozonides and oxozonides of the homo- 
iogues of ethylene are generally explosive, 
unstable substances, and have been obtained 
similarly, using ethyl chloride as solvent. 

Ethyl alcohol, when treated mth a stream of 
concentrated ozone, yields a peroxide, which 
has some of the properties but is not identical 
with ethyl hydroperoxide OaHjO-OH. 

’ . when treated with ozone, 
yiol - 1 ^ ■ . type BHO : 0 : 0, which 

have not beeir obtained pure, owhig to the 
readiness with which they arc transformed into 
the isomeric acid. 

OHa-CH-ECHal.-OH-OH, 

D-allyl 

formed hy passing ozone into a chloroform solu- 
tion of diallyl, is a colourless syrup which, when 
heated, yields succinic dialdehyde and a little 
succinic acid. 

OH„-CH-OH„OH . 

Allylalcohol ozonide / " is a 

transparent syrup which decomposes at ordinary 
temperature. 

CHa-OH-CHs-CCHg 

Allylacetone perozonide / || 

0.1 0=0 
is a clear explosive syrup which decomposes on 
treatment with water formmg formaldehyde, 
laivulio aldehyde and hydrogen peroxide, 

fsoCrotonie acid perozonide 


CH3-OH’OH-0< 


OH 




'^0 


When the mesityl oxide is saturated with 
ozone, fnesityloxid&perozonide 

Mc,.(J-CH-0-0-OH., 

“v II 

O. O 

is formed as a thick green oil, highly explosive 
and spontaneously infiammabie. 

Methylheptenone yields similar normal and 
perozonides. 

Phorone yields a monozonide and a diozonidc 
— the latter being formed only very slowly when 
the treatment with strong ozone is very pro- 
longed. 

Oleic Acid Ozonides. 

The normal monozonide Oi^Hj^Ob is formed 
when oleic acid in acetic acid solution is treated 
with 0*6-18 j).c. ozone imtil a sample no longer 
decolourises a bromine solution of glacial acetic 
acid ; or by washing the perozonide -with water 
and sodium bicarbonate. It is a colourless, 
transparent, viscous liquid, heavier than water 
and when warmed with aqueous caustic soda 
yields a pleasant sharp smelling product, b.p. 
90°. When treated with water it yields non- 
aldehyde, pelargonic acid, azelaic acid and an 
aldehyde product which, on oxidation, yields 
azelaic acid. The reaction is explained thus : 

1. 0H3(0Ha),0H;''CH [OHa] ,COaH 


is a yellowish clear explosive syrup, which on 
standing, evolves oxygen and yields fsocrotonio 
acid, whilst with water it yields acetaldehyde, 
glyoxylio acid and hydrogen peroxide. 

MoaC-CH-CO-CHs 

Mesityloxideozonide V is ob- 

0i 

tained by treating 10 grms. well-cooled freshly 
distilled mesityl oxide with 12-14 p.c. ozone and 
a current of well-cooled carbon dioxide for about 
five hours, when a sample no longer decolourises 
an acetic acid solution of bromine. It is a 
thinner and less explosive oil than tho per- 
ozonide, is miscible with all solvents except 
light petroleum and is readily decompo.sed by 
water and on heating. 


O/'O-O 


=0H3[0H2] jCOH -1- CHLCI-Ia] 

II. CHsLGHa] UH \ CHEOHalvCOall 
'I \ I 
0 - 0^0 

=CH3[0H2],CH<fy +C0H[CHa],C02H 

thus the primary products are nonaldchydo, 
nonaldehydc peroxide, azelaic acid half aldehyde 
(which is a decomposition product of almost all 
the ozonides of the higher aliiihatic unsaturated 
aoid.s), and the peroxide of the latter. By tho 
isomerisation of the peroxides, pelargonic and 
azelaic acids are then formed. When warmed 
with glacial acetic acid tho same products are 
obtained, but more peroxides are formed, 
whilst if formic acid is added to the acetic acid, 
considerably more aldehydes result. Similar 
products are also obtained by reducing the 
ozonide with sulphur dioxide or with aluminium 
amalgam in aqueous solution. Unstable am- 
monium, copper and sodium salts of oleic 
ozonide have been obtained. 

Oleic acid perozonide 

OHgEOHa] ,CH-CH[CH„] ^GOH 

^o/ " II ^ 

0=0 

is formed when a glacial acetic acid or carbon 
tetrachloride solution of oleic acid is treated 
with 10-12 p.c. ozone for an hour for each gram 
of acid. It is a somewhat thicker liquid than 
the ozonide but has similar chemical properties 
to the normal ozonide. When oleic acid is 
treated with 10 p.e. ozone for a very long time 
(3 hours per gram) or for a somewhat shorter 
time (4 hours for 6 grms.) with 16-18 p.c. ozone, 
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it yields a superperozonide possibly 

OH 3 [CIL],CH-UliiOH,], -0031-1^ 

colourless subsiance, not inucli more explosive 
than the other ozonides and has the same 
general chemical properties. 

Elaidic acid yields a normal and a per- 
ozonide which seems to differ little if at all from 
those of oleic acid. 

Citroncllic acid yields a similar ozonido, per- 
and superperozonide (Harries and Himmelmann, 
Ber. 1908, 41, 2187). . , . 

Cholesterol ozonide C27H48OJ-,, which is 
probably an oxozone derivative, forins a very 
stable white powder and, when boiled with 
AVater, yields hydrogen peroxide, aldehydes and. 
much resinous products. Similar ozonides of 
cholesterol derivatives have also been obtainoil 
(Diels, Ber. 1908, 41, 2596; Langheld, ibid. 
i023). 

The most interesting application of the 
formation of ozonides to the elucidation of the 
structure of a compound is perhaps that of 
rubber. When the latter is treated with 
5-5-6 p.c. of ozone, in chloroform solution for 
one hour for every gram, and the product 
evaporated in vacuh below 20° and the residue 
purified in the msual AVay, a diozonida 
is formed as a yellow thick oil. It dissolves in 
various solvents yielding, not _ colloidal, but 
ordinary solutions, and when boiled ‘vvith \yater 
or distiilod with steam it yields linvulio aldehyde 
and acid, and lasvulio aldehyde superoxido. 
The formation of this ozonido and its decom- 
position products, together with the fact that 
when heated, rubber yields, amongst other 
products, isoprene and dipentone, has led 
Harries to give the following formula to 
rubber 

OH2— O-OHsJ^' 

which agrees very well wiEi its other Imoivn 
reactions. With ozone, it would form the di- 
ozonide 

CHg 

/O-CJ-OT-H-CHo-OH— 0\ 

Off I h ^>0 

/'•'b—OH-OH . -UHa-C! 0^ \ 

I 

CH3 

which, on decomposing, breaks at the dotted 
lines and therefore yields 

0:0: G(0H3)-0HpaHo-0H : 0 : 0 


CH3 

I 

\ /0---C--CH.,-— CH 0 --OH— -0\ 

oc- I -I ./O 

''0— OH-OHo-CHo- 0 0''^'-, 

i 

CHg 

yielding 

OCfCHal-CHpCHpCH : 0:0 + 0 : OGirCHpCHpCCoH 

the latter readily being transformed into acid. 
The difference in behaviour of the two ozonides 
on decomposition is assumed to be due to some 
form of stereo-isomerism {ibid. 3985). 

Benzene triozonide or ozobenzene 


-,^0 


0. 


0 


OH 

_/C.h/\6h 

3 ^ghL dh 


CH-0 


is formed by passing absolutely dry 5 p.c. ozone 
into dry benzene at 5°-10° for about 2 hours. 
It is stable in dry air at the ordinary tempera- 
ture and forms a white amorphous mass which, 
if quite pure, becomes crystalline when treated 
with water at 0°, It is soluble in acetic acid 
but not in other organic solvents. When 
warmed quioldyit explodes violently, and when 
treated with water it yields chiefly glyoxal 
OHO-OHO and some glyoxylic acid which 
probably results from the oxidation of the 
aldehyde with the hydrogen peroxide formed 
in the first reaction. These reactions show 
almost conclusively that benzene has three 
double linldngs and that Kokulti s structural 
formula for benzene is correct. 

Only the decomposition products of the tri- 
ozonides of toluene 0- and m-xylene and of 
mcsityleno have boon obtained. 

Diphenyl forms a tcMiozo^iida 


0. 


, 0 . 


V 

0, 




V 

0, 


— ... " 

Lffivulic aldehyde diperoxido is readily trans- 
formed to the aldehyde in the presence of steam, 
consequently the Imvulio aldehyde is present 
in largo quantity (Harries, Ber. 1905, 38, 
1195). 

Gutta-percha gives a diozonide which seems 
identical AVith rubber diozonide, but on de- 
composition AVith AVater, it yields much less 
aldehyde and more acid : its decomposition 
has therefore been represented as taking place 
chiefly thus 


obtained as a ci'ystalline mass, Avhich explodes 
violently Avhen heated. Tlic fact that two 
more ozone molecules are not added at the 
double litikings is probably duo to storic 
hindrance. 

Naphthalene. Avhen .strongly cooled and sub- 
■!i- i.-.i |. ■ iu tion of ozone, yields a crystalline 

diozonide, thus 1 "^1 j . indicating that, in 

\l/\/\o« 

all probability, only one of the rings has the 
benzene or Kekule structure, AVhilst the other, 

trio form. When treated 

■ yields ])htha lie aldehyde 
CaH4(0H0)o, phthalio fioid, glyoxal, and gly- 
oxylio acid. . , 

Phenanthrene Avhen treated similarly also 
forms a diozonide OjJIjoOo _ havrng similar 
properties to the naphthalene diozonide. , 

Tetrahydrobenzeneozonide OgHioOs, obtained 
bv passing ozone into a chloroform solution of 
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tile unsaturated hydrocarbon, fornas elastic 
lumps, sparingly soluble in most solvents, and 
when boiled with water yields w-adipio acid and 
a lit-'’- aldehyde. 

. Ie:‘e I i diozonide 

C„H«MeaOe 

which, on purification, forms a clear 7 syrup 
with a characteristic smell. It is comparatively 
stable, but sometimes explodes with great 


violence (Harries and Neresheimer, Ber. 190G, 
39, 2846). 

Literature. Harries, Anualcn, 1905, 313, 
311 ; ibid. 1910, 374, 288 ; Bor. 1912, 45, 809 ; 
Lebodeff, J. Russ. Rhys. Chem. Soc. 1910, 42, 
949 ; Drugman, Chcin. Soc. Trans. 1906, 939 ; 
Dyckerhoff, Antoxydation organischer Stofic, 
Inaug. Eissert. Karlsruhe, 1910 ; Valour, Action 
do FOzone sur les compo.se Organiquo, Raris, 
1909. 
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PAOHNOLITE (^dx>'v, rime). A fluoride of 
aluminium, calcium, and sodium, occurring as 
an incrustation or efflorescence on cryolite. It 
is regarded by Knop as a hydrated cryolite in 
which two-thirds of the sodium are replaced by 
calcium (A. Knop, Annalou, 127, 61). 

Gomposition . — 

Al. Ga. Na. F. H.O. 

13-43 17-84 10-75 49-78 8-20=:100-00 

PACKFONG or PACKTONG. A Chinese 
- 11 1 - 1 silver, and of a similar 

PACO or PACOS. A Peruvian term for a 
ferruginous earth or ore containing small quan- 
tities of metallic silver. 

PAEONINE {Bed Q oralline or A-iirine B.) v. 
AtroiNi]. 

PAINT OILS. Under this term are com- 
prised those vegetable oils which are used as 
vehicles for applying pigments to the surface 
of bodies, either as a preservative or for decora- 
tive purposes. Only the vegetable drying oils 
are nseful ; the paint oil, par excellence, is lin- 
seed oil. The semi-drying oils, such as cotton 
seed oil and maize oil, are unsuitable as paint 
oils. Nor is soya bean oil suitable as a paint 
oil, although when the price of linseed oil 
was high it was largely used as a substitute for 
linseed oil or to adulterate linseed oil. 'Fish 
oils, which are used as adulterants to an enormous 
extent, are unsuitable as paint oils, notwith- 
standing frequently made statements to the 
contrary. Adulteration with rosin oil is prac- 
tised on an extensive -cr.lo, .zlt'-.c-ugh more easily 
recognised than v. animal and 

vegetable oils of somewhat lower iodine value 
than linseed oil. Oil extracted by solvents is 
not suitable as a paint oil. J. L. 

PAINTS. Definition . — Coloured mixtures, 
usually liquids, with which suitable surfaces can 
be coated by a brush or other means. The 
coverings formed may be dull or lustrous, and 
often act ■ i preservatives of the 

surfaces ■ ■ : . - paints differ from 

varnishes i: . ■ ■ js 

lustre, and in the absence ( ■ : ■ : 

but enamel paints and various special products 
are of exceptional composition. Ordinary paints 
consist essentially of three parts, the pigment, 
the medium or vehicle, and the drier or siccative. 
Paints manufactured for particular uses, such 
as luminous paints, anti-corrosive paints, and 
waterproof paints, contain other components 
of the most diverse kinds. 

Surfaces only are covered by paints : dyes 


stain throughout. This distinction is main- 
tained in the xn-esent article, from which is 
excluded the consideration of dye.s. The term 
‘ pigment ’ will be couliued to those substances 
to which paints owe their colours ; mostly dry 
powders, finely difiusible but insoluble in the 
binding and thinning media employed. ‘ Paint ’ 
will be employed in reference to the combina- 
tion of pigment and medium, ready for use by 
the painter. Pigmente will first be described, 
and then the veiiicles by which these pigments 
are converted into paints. Briers come next in 
order : lastly, paints themselves. 

Pigments. Definition . — Finely divided 
insoluble coloured piowders, yielding paints 
when intimately mixed with suitable media. 

Origin . — Pigments are obtained from mineral, 
vegetable, and animal sources, cliiefly the lir.>it- 
named. Inorganic pigments comprise minerals 
and manufactured products, mostly metallic 
salts or oxides : such pigments are usually 
more permanent than those of vegetable or 
animal origin. 

Characters. — 1. Body or opacity, i.e. the 
property of completely covering and concealing 
the surface beneath. 2. Covering or spreading 
power ; the extent to which a jiigmont can be 
spread over a large surface. 3. Brying quality, 
when combined with a medium to form paint. 
4. Durability or permanency. 5. Tint. G. 
Shade, 

Pigments may be of all degrees of opacity, 
and they V":'. ■■ ' I v in density and in the 

state of .■■■<;■! heir particles. Some 

are opaque and amorphous ; others are cryst-al- 
line and translucent or transparent. The 
higher the density and opacity of a pigment, 
the greater is its body. Crystalline powders, 
however impalpable, have less opacity than 
amorphous powders, hence the superiority of 
the latter, as regards covering power. The 
drying quality of a pigment (in an oil paint) 
depends upon its power of oxidising or pro- 
moting the oxidation of the medium with which 
it is mixed : this property is possessed in a much 
greater degree by some pigments than by others 
and siccatives must be added when the pigment 
is known to be deficient in this characteristic. 
Permanency is tested by the power of the pig- 
ment, when made into paint, of resisting th^e 
action of light, moisture, fetid gases, acid and 
alkaline vapours, exposure to the atmosphere, 
&c. In special circumstances, as for the 
colouring of a lime-plastered surface, for fresco 
work, or the Uke, pigments must be unaflected 
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by, or ‘ fast ’ to, lime. As a nxle, pigments are 
more ditrable wlion mixed with oil than Avhen 
used in aqueous media. Instances are known 
( f ri;-' I-;-- in admixture exercising a detri- 
upon one another. In oil 
media, this action is rarer than has been sup- 
posed : but an example is the darkening of the 
green pigment made by mixing cadmium yellow 
with emerald green, the last-named being, to a 
slight extent, dissolved by the linseed oil and 
therefore enabled to react upon the cadmium 
sulphide. Tint depends upon chemical com- 
position, molecular constitution, physical con- 
dition, and the mode of production. The exact 
shade is a resultant of many niceties of detail 
dixring the processes in the colour factory. In 
a case, for example, where the pigment has been 
precipitated from solution, the shade will vary 
with the amount of care devoted to the washing 
f)f the precipitate — a very small XJercentage of 
impurity being the cause of a marked difference 
in quality. The degree of subdivision of a pig- 
ment also has a most imxxortant influence on 
the shade. Of great weight are the extent of 
dilution of the solutions, and the amount of 



Fig. 1. 

Positive Driven Edge Runner Mill (Brinies 
and Goodwin, Ltd.). 

efficient agitation, or mixing. The precipitated 
pigments are usually finer and brighter in shade, 
in direct proportion to the dilution of the solu- 
tions employed. 

Preparation . — ^^Cho pigments of commerce 
are so numerous that it will bo impossible to 
describe the manufacturing processes by which 
most of thorn are obtainecl ; bixt the important 
operation of grinding must be mentioned. AH 
pigments must ho in an extremely fine stxite of 
division. Thrs colours xxsed by house-painters 
and paper-stainers are pxilverised and mixed 
by paint-grinders, while the more nixmerous 

and brUlian'- * ' - i the fine arts are 

ground by ■■ . Formerly, most 

pigments wore groxxnd by hand on a grinding 
stone with the aid of a muller, but the ixnhoalthy 
and dangerous nature of the oper.ation, espe- 
cially when orpimexit, white and red leads, 
chrome yellow, and many other important pig- 
ments, were treated, led to the introduction of 
colour mills, in which, larger quantities of pig- 
ments can be ground and mixed in covered 
vessels, so that the risk to the workmen is very 
greatly lessened. 

Golov, r grinding . — On the hirgxu working 
scale, pigments are dry-ground clxiefiy in under- 
driven edge-runner mills : on a somewhat 


smaller scale, ootxoidal mills, which are especially 
serviceable for materials composed of soft frag- 
ments, may bo used. The centrifugal i mills 
known as ‘ di-sintegrators ’ are exceedingly con- 
venient. Fig. I shows one of the positive-driven 



edge-runner mills, manufactured by Brinjes, and 
Goodwin, Ltd. , of Whitechapel. In this machine, 
the movement around the pan, and the revolu- 
tion of each stono xxpon its axis, are caused 
by special gearing. Other types of edge-runner 



Edge Runner Mill,'.L’oii Driven (Brynn Corcoran, Ltd.). 

mills, top-driven, arc x'opresonted in Fig. 2 
(same makers) and Fig. 3 (Bryan Corcoran, 
Ltd., London). The fourth ilhxstration shows 
an under-driven mill of a similar description 
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(Wm. Grardiier & Sons, Ltd., Gloucester). Tlie edge-runner ; in a pulveriser of special coii- 
bottom-diiventype of mill is for colour-grinding struction, such as the ‘ Alsing’ pulveriser; or, 
preferable to, and now more generally used if the required output he small, in a levigating 
than, the top-driven land. The bed and runners flat-stone mill. Edge-runner mills are mostly 
of these mills for colour-maldng should be of u.sed. 










bnderdriven Edge gunner Mill pVm. Gardner & Sons, ^ Disintegrator (Wm. Gardner & Sons, Ltd.). 

granite. When large fragments of highly resist- Pedni grinding .' — ^The older typo of machine 
ing materials have to bo dealt with, a less rigid for the grinding of mixed faints was the ordinary 
form of mill than the positive-geared is to be flat-stone mill (Fig. 7), but the triple roller 
recommended. grinding mill (Fig. 8) has almost entirely super- 


A colloidal mill, supplied by Bryan Corcoran, [ seded it. 


IS usually condueted either in a vertical mixm 
similar to that shown in Fig, 9, or in a hori- 


Fig. 5. 

Conoidal Mill (Bryan Corcoran, Ltd.). FiG. 8. 

Triple Holler Grinding* Mill (Brinjes and 

Ltd.^,^ of Mark Lane and Whitechapel, is shown Goodwin, Ijtd.). 

in Jbg. 5, and in Fig. G is represented a dis- zontal mixer, which may bo of the kind dejiictod 

integrator (Wm. Gardner and Bons, Ltd., in Fig. 10. In certain oases, however, as in the 

Gloucester). ^ mixing of Kino paint, a positive-geared edge- 

Pigments may be wet-ground in a levigating runner mill (Fig. 1) is the best to use. If a 
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volatUo medium bo necessary, as in the pro- 
duction of enamels, a conoidal mm (big- u) 
may conveniently bo substituted. 




White Pigments, 

White Lead {Ceruse, Gerussa Alba, Blanc de 
Plomh, Krems white, Bleiweiss). Por manu- 
facture V. White lead, art. Lead. 

Characters of Qood white lead. periectly 
amorphous white pigment, possessing great 
opacity, density, and covering power, and the 
property of drying rapidly when mixed with 
linseed or a similar oil, and exposed to the air. 
Til© hydrosid© combines "witb tn© oil, tornung 
a white elastic coating or paint ; but lead hy- 
droxide alone would give little opacit;^ wmch is 
imparted by the carbonate present, iho latter 
forms an emulsion with the oil, of extreme 
opacity. Both, then, are essential. 

Additions to, and diluents of, white lead. 
Barium sulphate and chalk principally; but 
calcium sulphate, clay, lead sulphate, &c,, are 
also added. Most of the cheaper so-palled 
white lead in the market contains an admixture 
or some other comparatively 
■ . . ■ ■ pigment. Certain of these 

, ’ . ■ emselvos used as white pig- 
ments of inferior quality. t • ^ 

Substitutes for white lead. — ^The chief, if not 
the only, objections to white load as a pigment 
are its poisonous character and its tendency to 
“token in ■ . “ 

hydrogen. ■ ■ ’ . ■' 

statutes, but aU are interior to white lead in 

body. Sulphate of lead {Miihlhausen white,) • 
oxychloride of lead {Pattinson’s white) ; a mix- 
ture of lead sulphate, barium sulphate, zinc 
-• : t.,.---..- carbonate {Freeman’s 

, ^ sublimed white lead’ 

(lea^ sulphate 75 parts, lead oxide 25 parts, and 
kno oxide 6 parts) ; ‘ standard zinc lead white 
(lead sulphate 60 p.o., zinc sulphate 040 p.c., 
zinc oxide 40-55 p.c.); zinc_ oxide; zinc sul- 
phide ; and a mixture of oxide, sulphide, and 
sulphate of zinc, have been manufactured tor 
this purpose. A calcined mixture of /O 6 p.c. 
of barium sulphate with 20-5 p.c. of zinc sul- 
phide, prepared by - solution of 

barium sulphide with ■ ’ 

washing, pressing, drying _ and bring tlio 
resulting precipitate, constitutes the pigment 
known as Lithopone, Orr’s white, Charlton white, 
or BecUon white. One of the most useful and 
valuable substitutes for white lead, lithopone, is 


quite unaffect' 
possessed of 
and fineness o,'. 


hydrogen, is 
permanency, 
injurious to 

ana line nuMs ■ 

health than white load and yields an excellent 
oil-paint. Sulfopone is a similar pigment pre- 
pared from zinc sulphate and calcium sulphide. 
The addition of calcium sulphate is stated to 
* (b'f^oolo'uring ©fleet of light anci 

air ii-io;! ''i Among other white lead 
substitutes may be mentioned _ basic lead sul- 
phite ; oxide and silicate of zinc ; zinc oxide 
with sulphide or chloro-sulphite of lead; 
mixtures of barium sulphate and calcium 
sninliata with zinc oxide, and basic chloride 


Fig. 10. 

Geared Horizontal Mixer (Brinjos and Goodwin, Ltd.). 

The more important and widely used pig- 
ments, classified according to colour, will next 
be briefly described. For further details v. 
art. Pigments. 


Other white piejmenis. The white pigments 
of commerce are known by a great variety 
of names. Plaice white, Berlin white, silver 
white, and Krerns white are names applied 
to very fine and pure varieties of white lead. 
Venice, Hamburg and Dutch whites are mixtures 
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white, and PeTMcment white are barium sulphate. 
Sivontium or Btronlian white is sulphate of 
strontium. Magnesia (MgO) and magnesium 
carbonate (MgCOg) constitute Magnesia, whiles, 
Spfinish white or Paris white, is whitening, or 
whiting (CaCOs). Whitening, gypsum, kaolin, 
French chalk, asbestine, infusorial earth, &c., 
are used in mixed paints as ‘ extenders or 
‘ fillers,’ and some of them, with lime, are em- 
ployed as painting grounds, rather than as pig- 
ments. Zinc white and Chinese white are names 
given to zinc oxide. First employed on a com- 
mercial scale by Leclaire, c. 1847 , this beautiful 
pigment is increasing in favour as a. constituent 
of ordinary paints, and for the production of 
enamels, white oil-cloths, and the like. Zinc 
white possesses very fair covering power, 
though less than flake white : it is not visibly 
affected by sulphuretted hydrogen. It can be 
used with oil- or water-inedia — especially well 
with the last-named, and is non-poisonous. In 
an oil vehicle it dries far less rapidly than lead 
Avhite. Admixture withcalcium^ sulphate is alleged 
greatly to enhance the spreading power of zinc 
oxide. Carbonate of zinc has been employed as a 
pigment, but not very successfully. Pearl white 
is basic nitrate of bismuth [_Bi(NOs)3‘2Bi(OH)3], 
but the name is also used in connection with a 
lead white, tinted with indigo or some other blue 
pigment. Yet another Pearl white is bismuth 
^"'■^-•Cls’Bia03)-H201; and basic 
■ ■ is occasionally called Flahe 

white. Whites of tin, cadmium, mercury, ar- 
senic, tungsten, and antiraoiij'' have all been 
tried, but without permanent success. Anti- 
mony white, however, is said to have consider- 
able covering power. The oxide, SbiOo, and 
powder of .n -S^i'Cla, are both used, 

but these : ■■! ■■!. - ■ • e on exposure. 

Yeludw Pigments. 

Yellow ochres, Terra di Siena, Stone yellow, 
Roman yellow. Mineral yellow, Oxford ochre, 
Golden ochre, &c. • ‘”I ■ ■ ' 'ihs, contain- 
ing vc":""'- n-r-'-'t !' .■ .-f^-ric oxide 

(very . . i’’.' ' ,■ ' ■ 3Iars 

yellow is an artificial preparation of similar 
composition. A pigment called by the same 
name, also termed Siderin yellow, is Fc.2(Cr04)3. 
Chrome yellow is PbOrO*: also PbCr04’PbS04 ; 
and Pbdr04-2PbS04. Pale and greenish shades 
contain citrate or tartrate of lead, and some- 
times also sulphate, as well as lead chromate. 
Orange chrome yellow is PbCrOd.PbO. Cologne 
yellow is PbCrOi, PbS04, and CaSO^. (These 
yellows possess considerable body, but are^ af- 
fected by sulphuretted hydrogen.) Strontium, 
Barium, and Zinc yellows, SrOrO,}, BaOrO^, and 
3(ZnCr0,i)K2Cr207 (durable, but have little 
body). Barium chromate {Lemon yellow, Y allow 
ultramarine) is the most permanent of these pig- 
ments. Bismuth yellow, also a chromate (not 
permanent). Cadmium yellow, CdS, durable, of 
fairly good body, and unaffected by sulphuretted 
hydrogen. True Naples yellow, PbOjSbaOc (per- 
manent in oil). Cadmium sulphide, and a pale 
yellow ochre, have been sold under the same 
name. Montpellier, Oassel (PbCla.TPbO), Tur- 
ner’s, Turin, Verona, and Paris yellows, oxy- 


dium. Uranium, Thallium, Palladium, Tin, 
Antimony, and Platinum yellows (most unstable 
and little used). Indian yellow or Purree, im- 

.wi-y -. n vr. M-Oji.bliaO, 

; ■ I- ... ‘ . n mango- 

ieaves. A beautiful but variable pigment. Mad- 
der yellow, Italian pinh. Brown pink, &c. (vego- 
tabie ; non-durable — bleached on exposure). 
Gamboge (a r : unstable). A^ireolin, 
occasionallj b'' ^ or Indian yellow, 

potassium cobaltinitrite, KaCo2(N02)i2.^Il20 
(fairly permanent). 

Red Pigments. 

Vermilion, Ginndbar, HgS (moderately per- 
manent in oilJ alterable in water-colour) : too 
expensive for use in ordinary paints. Minium, 
Bed lead, PbaOi or PhO.PhaOi (not permanent), 
Light red, calcined yellow ochre ; Indian red, 
Venetian red, Rouge, Colcoihar, Bole, Caput 
mortuum, &c. : ochres (aU durable colours). 
Some of these pigments are artificially obtained 
by calcining ferrous sulphate. Chrome red or 
Austrian cinnalar, basic lead chromate, 

PbCrOi.PbHaOa, 

and Chrome oranges, mixtures of normal and 
basic lead chromates (aU unstable). Realgar, 
AsaSg, arsenic sulphide. Antimony vermilion, 
antimonyoxysulphide, Sb bS ^0 3. Palladium red, 
ammonio-ohloride of palladium, and Brilliant 
scarlet, meronric iodide (very unstable), have 
been used. Vandyke red is copper ferrooyanide, 
CuaFe(ON)Q. The cobalt reds are too costly for 
general use. Madder lakes (vegetable colours 
on mineral bases ; unreliable). Carmine lake {A 
animal origin— from Coccus cacti; a beautiful 
colour, but not permanent). 

Geeen Pigments. 

Terre verte, an impure ferric silicate (per- 
manent, but deficient in body when used as an 
oil-colour). Many salts of copper have been 
used as green pigments. Among the best 
known of the copper greens are Malachite, 
Mountain green, or Green verditar, hydroxycar- 
bonate of copper, CuC03,CuH202, Schweinfuri or 
Emerald green (acetoarsenite), 

3 (CuAS 204 )-Cu( 02 H 302 ) 2 , 
Bnmswichgreen (oj^chloride), OuCla’SCuO, 41120 , 
and Verdigris (basic acetate), 

20 u(C 2 H 3 O 2 ) 2 ,CuO,r)H 20 . 

Scheele’s green is a basic arsenito of copper, now 
but little used. Miti$, Vienna, and Kirchberger 
.■ - -p-' — . Bremen green, 
/ . ‘"Is green (stann- 

ate), and Mineral green, are other copper pig- 
ments. All are darkened by sulphuretted 
hydrogen, and most are very poisonous. 

Mixed greens : Brunswick green (another 
kind), German green, Hooker's, Leaf-, Milory-, 
and Silk-greens are mixtures of various yellow 
and ’"’-T rw’’":"'-'”. ‘U'd nan be dismissed as of 
ver; ■ 

V ■ ' . ■ . '■ ■ , . Pannetier's, Arnau- 

don . .’■ ■■ , '.■■■■■me emerald greens .are 

hydrated sesguioxicles of chromium, with 
phosphate or borate of chromium. Viridian 
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r. .o on n. au ■■ - ■ ' d fuU- 

■ : ■ ■ (!’. ■ ■ chro- 

mium greens are Casali’s, Dingier’s, and Schni- 
tzer’s j)roducts. Einmcmn’s green, Cobalt green, 
or Zinc green, a compound of oxide of cohalt and 
oxide of zinc. Titanium, Vanadium, Uranium, 
Manganese, and Molybd ■ , ■ . . ■ j also 

occasionally met with as ■ ■ ■ . ‘ ultra- 

marine is a ■■■ ' in the manu- 
facture of ■ ‘ ■■ ■ ' ■ . There are 

many unstable green lakes of vegetable origin, 
such as Chinese green. Iris green, and Sap green, 
but they are of little or no value. Some of the 
green lake pigments prepared from the coal tar 
colours, however, possess considerable covering 
power and a measure of fastness to light. 

Blub Pigments. 

Prussian blue, Berlin blue, Chinese blue, &c., 
Pe7(CN)ig (liable to change). Soluble Przissian 
blue, of inferior quality to the preceding, is 
K2Pe(CN)i2f*’62* Antwiii-j) blue is a light-tinted 
variety of Prassian blue. Indigo, or Indigotin, 
OiglijoNgOa (vegetable; fades on exposure). 
Native ultramarine, pulverised lapis lazuli (an 
excellent and stable, but costly colour). Artificial 
ultramarine, probaldy Na4(NaS3Ai)Al2(Si04)3 
(Briigger and Backstriim) a compound of silicate 
of aluminium and sodium, with sulphide of 
sodium ; suggested by Gmelin, in 1827, and 
made by Guimet in 1828. Less expensive than 
native ultramarine, and nearly equal to it as 
a pigment. Bo-'’’ " ■ ■■ ■ lent :a 

the absence of ' ■/.'■ ■ " ■ ■ ■ ,. TM~ 

nard’s blue, phosphate and aluminate of cobalt. 
Cobalt blue, Calm’s ultramarine, aluminate of 
cobalt. Cyanine, Leitcli’s blue, a mixture of 
cobalt blue and Prussian blue. Smalt, Zaffre, 
Royal, and Saxony blues, glasses coloured by 
cobalt oxide. Cceruleum, 3(Sn02'CoO)-l-Sn02 
(stannate of cobalt). The cobalt colours lack 

somewhat in body Copper 

blues, carbonates, " , , ' : . ' ' r salts of 

copper, are of little value. 

Buown Pigments. 

Vandyke, Rubens, Gassel, Ulmin, and Cologne 
browns : some of these are partly vegetable, and 
are prepared from peat, cotton, soot, &o. ; 
bituminous matter is often pre.sent. Several 
different pigments are known as Vandyke 
brown. Only those prepared by calcining highly 
ferruginous brown ochres, or consisting of a 
dark-tinted form of colcothar, are permanent. 
The variety of Vandyke brown, consisting 
of a bituminous earth, is far less durable. 
Burnt sienna. Brown ierre verte. Raw and burnt 
umber, Gappagh broion, and Mars brown, are 
earths or ochres, raw or calcined. Most of them 
are durable and reliable pigments. Other browns 
are Prussian brown, made by calcining Prussian 
blue ; Madder brown (of vegetable origin, and 
liable to fade) ; Bistre, a bituminous brown ; 
Asphaltum ; and Alummy. The last three also 
are untrustworthy and fugitive. 

Black Pigmen'J'.s. 

Ivory black, Bonn black. Lamp black. These 
are more or less pure carbon, and the names are 
self-explanatory. Indian ink consists of very 
fine lamp black, together with gelatin and a 


perfume [n. Indian ink). Blue-black, Frankfort 
black, or Drop black is made from vino twigs, 
ivory cuttings, bone shavings, peach stones, and 
other organic materials, which are calcined until 
complete charring is effected. After grinding, 
the black so obtained is made up with glue and 
water into pear-shaped drops for sale. Man- 
ganese black i.s native peroxide of manganese. 
All these black_ pigments are very durable. 
Sepia is a brownish-black pigment derived from 
the ink-bag of Sepia officinalis : it is alterable 
by sunlight, but less so than Vandyke brown, &c. 

Of the above-mentioned pigments, only a few 
(chiefly the ochres, lamp-black, red lead, white 
lead, zinc wMte, baryta white, Prussian blue, 
chrome yellow, orange and red, vermilion, and 
the commoner copper greens) enter into the con- 
stitution of the paints used by decorators and 
house-painters ; white lead is nearly always the, 
base, and is largely in excess of the other pig- 
ments present, which are technically called the 
‘Stainers.’ The finer varieties of those colours 
and many of the other pigments, are used 
habitually or occasionally by artists. Of pig- 
ments not named in this article, there are many 
wluch are simply — y — ----- 
good qualities to ■ ■ ■ ■ : 

As regards durability, it may shortly be 
stated that all the compounds of copper, lead, 
and bismuth, and some mercurial pigments, 
darken more or less, w’- ' - ^ ' air con- 
taining sulphuretted V ■ _ . " ■ of the 

colours which are partly or entirely of organic 
origin fade on exposure, by a process of oxida- 
tion. On the other hand, pigments which are 
not affected by foul gases, the barium and zinc 
whites, for example, have unfortunately, for the 
most part, less covering power than the majority 
of lead, copper, and other changeable pigments. 
Great circumspection must, therefore, be exer- 
cised in the choice of a pigment, whether for 
artistic or ordinary work. As a rule, pigments 
are less fugitive in oil-media than when mixed 
with the usual water-colour velucles. Church 
(The_ Chemistry of Paints and Painting, 1901) 
classifies artists’ pigments, according to their 
stability in oils, as shown in the table, page 74. 

To adapt this table to water colours, the pig- 
ments marked X must be relegated to class III. : 
while Indian ink, bistre, and sepia may be added 
to the table. But the two last named must be 
placed in class III. 

The following examples of carefully chosen 
palettes are quoted from Church’s work, just 
cited : (a) for oil-painting, flake white, yellow 
ochre, cadmium yellow, aureolin, vermilion, 
madder carmine, ultramarine, viridian, Cappagh 
brown, and ivory black : (b) for water-colours, 
Chinese white, yellow ochre, cadmium yellow, 
aureolin, red ochre, madder carmine, ultra- 
marine, viridian. Mars brown, and Indian ink. 

Media or Vehicles. Definition. — ^Tho fluids or 
other materials with are inti- 
mately mixed for the ; ■ ■ ' ■ ' ; tints. Pot' 

oil-painis, the vegetable drying or siccative oils 
are employed, and for water-colour paints, size, 
honey, glycerol, and ' ' ’ - c . 

Ihelikc, areinuse. 

added to the oil r ' . . '■ ■ ; 

‘tiiinning’ agent, and partly to accelerate 
somewhat the drying of the paint. Benzene, 
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Class I. 

Truly permanent. 


Baryta white. 

Zinc „ 

X Flake „ 

Yellow ochre. 

Raw sienna. 

X Naples yellow, true. 

X Cadmium „ 

Cadmium orange. 

X Vermilion, artilicial. 
Vermilion, native. 

Inctian red. 

Light 

Venetian red. 

Red ochre. 

Cobalt violet. 

Manganese violet. 

Viridian (emor.ald oxide of 
chromium, Cr 20 .„ 2 H 20 ). 
Green oxide of chromium, 
CrgOa. 

Cobalt green. 

Green Ultramarine. 
Ultramarine. 

Artificial ultramarine. 
Cobalt. 

Coeruleum. 

Burnt sienna. 

Raw and burnt umber. 
Cappagh brown. 

Verona „ 

Prussian „ 

Ivory black. 

Charcoal black. 

Lamp-black. 

Graphite. 


Class n. 

Somewhat changeable. 


Aureolin. 

Baryta yellow. 

Indian „ 

Strontia „ 

X Chrome „ 

Madder carmine. 

Rubens’ madder. 

Rose „ 

Madder red. 

Purple madder. 

Mars violet. 

Emerald green (Scliweinfurt g.) 
1’orre verto. 
xMalacMte. 

Smalt. 

Prussian blue. 

Airtwerp „ 

X Madder brown, 
i Cologne earth. 

I Bitumen. 

Earthy Vandyke; brown. 


Class III. 
Untrustworthy. 


King’s yellow. , 

Yellow madder. i 

Brown pink ; yellow lake, j 
Gamboge. I 

Zinc chromate. \ 

Crimson lake. I 

Carmine and burnt carmine. | 
Indian lake. i 

Scarlet „ | 

Purple „ _ 

Violet carmine. ^ 

Verdigris. | 

Sap green. _ j 

Green vermilion, etc. 

Indigo. 

Blue verditer. 

Blue ochre. 

Bituminous Vandyke brown. 


ancl_ turpentine substitutes, allied to petroleum I 
spirit, are similarly used. In tempera-painting \ 
albuminous or gelatinous media are employed, 
and water-glass is the vehicle in stereochromy. 
Idme-water or baryta-water is used in huon, 
fresco, and fresco-sccco painting. In pastel 
painting, the bases for the pigments are wliiten- 
ing, and (sometimes) plaster of Paris, or kaolin. 
Beeswax was the medium in Greek and Egyptian 
cnenuaiic work, and is enijiloyed in spirit-fresco. 
Other paint-media are occasionally made use 
of, and wiU ho referred to presently. 

Oils. I’hesc are chosen for their drying pro- 
perties, or, in other words, their power of ab- 
sorbing oxygen when spread in thin layers and 
exposed to the atmosphere ; by tliis oxidation a 
film of a drying oil gradually becomes converted 
into a coherent coating of a hard, elastic, var- 
nish-like substance. 

Linseed oil is the moat important and 
commonly used drying oil; it is met with in 
commerce under the names of raiv, refined, 
artists', and boiled oil. Raw oil is as exijressed 
from the seeds. By agitation in lead-lined tanks 
with 1 p.c. of strong sulphuric acid, boiling 
with water or treatment with steam, and draw- 
ing olT in Kctlling-tanks from water and sodi- 
lUfiiit, raw oil is converted into roliried oil. 
Artists’ linseed oil has been allow'od to stand 
for weeks or months, then treated with litharge 


and finally bleached by exposure. Other pro- 
cesses of refining are also used. Boiled oil has 
been heated in air to 130°, or thereabouts, and 
maintained at that temperature for a little 
while. Raw linseed oil possesses great drying 
powers, which are considerably enhanced Ijy the 
operation of boiling. Boiled oil is therefore a 
most important article to the painter. The 
drying power of boiled oil is stiU greater if 
litharge or some other drier has been added 
during the operation of boiling. The di'ier 
appears to act as a carrier of oxygen to the (jil, 
and a definite chemical compound of the metal- 
lic oxide with linoleic acid is at the same time 
formed (?). Oils, Fixed, and Fats; Diuisuk). 
Both raw and boiled linseed oil are used in 
the manufacture of ■’■.li" y ■ ”e for 

the more delicate cc ■ ■ : • ■ fine 

arts, refined and arti ' ■■ ■ : : ■ ■■■ . 

Poppjr, walnut, ■ : J. ij ' c: ■■ oils 
are also used in the manufacture of paints, 
particularly poppy, walnut, and hemp nils. 
These oils aro, however, almost exclusively used 
by artists ; and linseed oil holds its own as the 
most generally useful and applicable drying oil. 
Numerous additions to, and substitutes f(n' 
linseed oil have been tried, among them mineral 
and resin oils, China wood oil (Tung oil), Niger- 
seed oil, cottonseed oil, and menhaden oil. 

Artists in oil generally use media whicli 


contain copal, amber, or some other resinous 
varnish, and a diluent, such as turpentine, in 
addition to the drying oil. A good artists’ 
mechum can be prepared by gently Avarming a 
mixture of linseed or poppy oil with strong copal 
varnish and a trace of bleached beeswax, A 
less satisfactory medium is ‘ megilp,’ composed 
of linseed oil and mastic varnisfi. Such media 
are added to the mixed colours by the artist. 

The vehicles for water-colour paints need no 
description ; they are, chiefly, isinglass, size, 
gum-water (gum-arabic, gum-tragacanth, and 
gum-senegal are all used), honey, dextrin, and 
glycerol. Of the gums, gum-senegal is the most 
suitable. Dextrin is less adhesive and less 
brittle than gum. An alcoholic solution of 
honoy-ltevulosc is preferable to honey itself. 

The various ‘ pastes,’ ‘ fritts,’ and ‘ glazes,’ 
used for ceramic ware, enamels, painted glass, 
and the lilce, arc outside the scope of this 
article («. Duitts and Glazes ; Pottery). 

Driers or Siccatives. The effect of these 
on the drying oils has been referred to. The 
driers mostly employed are litharge, acetate of 
lead, resinates of manganese and lead, man- 
ganese dioxide, and manganous borate. Man- 
ganese oxalate, manganese linoleate, calcium 
borate, zinc borate, zinc oxide, zinc sulphate, 
burnt alum, lime, red lead, and ferric oxide 
are sometimes used. ‘ Terebines ’ or ‘ liquid 
driers ’ are solutions of certain of the above- 
named metallic organic compounds in linseed oil 
and turpentine. White lead itself has con- 
siderable siccative power ; this is one reason 
why it is so especially useful a pigment. The 
‘ driers ’ of ’■ commonly sold 

ready groum. / . .oil. They must be 

used with care, as they sometimes detract from 
the delicacy of the colour with which they are 
mixed ; and for this reason the use of driers 
should be avoided as much as possible in paints 
intended for ‘ finishing coats.’ 

Paints. The mixcid colours, ready for use. 
Common oil-paints consist of the pigments 
(generally Avhite, lead or a substitute, such as 
lithopone, together with small proportions of 
the desired ‘ stainer.s ’), ground with oil in the 
paint mill to a thick paste, and mixed with 
' driers.’ They are sometimes manufactured 
and supplied as ‘ ready-mixed ’ paints (in which 
the painting of comparatively small articles can 
be effected by the simiffe operation, s of dipping 
and subsequent draining), but usually require 
‘ thinning down ’ with oil of turpentine to the 
required consistency. The oil for outdoor work 
is rtsuaUy boiled oil ; while for indoor painting 
pale linseed oil is frequently used, t(jgethcr with 
a larger proportion of driers. T’he smaller the 
quantity of oil used, the greater is the ultimate 
hardness and the less the lustre of. the paint. 
Distemper painting, for absorbent surfaces, such 
as plaster, necessitates the application of a 
‘priming,’ 000-; -Diy.-; of -white lead, or, very 
commonly, ■■ ! i; iiv.-. ■■■? o; ! in water and mixed 
with size. There is little to specify in reference 
to artists’ oil-i)aints, excepting that they consist, 
or should consist, of pure pigments very iincly 
ground in, and intimately mixed with, oil of the 
best quality, no base, smdi as white lead, being 
present. The proportion of oil used varies with 
the pigment, and ranges from less than 20 parts 


I)er 100 of pigment, for materials such as lead 
and zinc whites, to over 175 parts per 100 for 
colours such as raw sienna, burnt sienna, and 
the like. Artists’ water-colour paints are met 
with in the forms of cakes, pastilles, and tube- 
colours. Oakes and pastille colours are usually 
made ’-7- -‘gments into a paste 

with a’ ■ . ■■ size, and gum-Avatcr ; 

the paste is then compressed and dried at a 
moderate temperature. Such paints are ground 
on the palette with water before use. Tube or 
moist colours consist of the pigments made into 
a cream with honey, glycerol, &c. Glycerol is 
preferable to honey. 

Many other kinds of paints besides those 
already mentioned are manufactured at the 
present time. The principal of these arc the 
luminous, fireproof, damp-resisting, anti-corro- 
sive, water, washable, and enamel paints ; their 
composition is very varied, and only a few 
short notes can be included in reference to them. 

Luminous paints contain phosphorescent 
of strontium, barium, or 

■ . , ■■■ ■ associated with bismuth, 

uranium, and other salts. The mixtures are 
submitted to a calcination process, and com- 
bined with suitable pigments and media. 
Balmain’s, Vanino’s, Monrel’s, and Lennord’s 

luminous paints are well-kncv ' 

belonging to this class of | 

' ■ ' ‘ ‘ r i ’ yield an especially power- 

product. 

i'iic p'ooi r.-iin:'*. These paints differ widely 
in composition, but asbestos is present in nearly 
all ; and many contain alkaline silicates, borax, 
ground fluorspar, glass, and similar substances. 
A mixture of aluminium and sodium silicates is 
sold under the nan” ‘ 

Water-proof or Diiis';' rosi'iiiii ■ r-itii!'-,. ' '• 
crushed flint and : " ■ 

,..r V residues from petro- 

V = ■ ! ■ umerous other ingre- 

dients enter into the composition of these 
preparations, either in addition to, or instead of, 
the ordinary constituents of paint. One of the 
most efficient waterproof paints on the market 
at the present time is stated to he the product 
knoAvn as “ Inertol.” 

Anti-fouling, Anti-corrosive, or Preservative 
paints, for surfaces of iron, ships’ bottoms, &c. 
Man,y of these paints contain resinous consti- 
tuents, and resemble varnishes in this respect. 
Oxide of iron, pitch, shellac, colophony, tannin, 
silicates, &c., are common ingredients of these 
compositions. An emulsion of tar and clay is 
stated to be a highly protective coating for iron 
and timber. 

Water and Washable paints. Ordinary 
‘ distemper ’ cannot he washed, but many of 
the water-paints on the market at the present 
time are washable when dry. Some are ‘ sili- 
cate of soda ’ preparations ; in others, better- 
milk, or casein is used in association with the 
colours. The miscibility of some with water is 
brought about or promoted by the presence of 
soap, or by the partial saponification of the oil. 
Water-paints merely require mixing with water, 
and those which are rlescriljcd as waterproof 
should resist atmospheric infiuenoes as satis- 
factorily as ■. .’l-ri. b';! 

Enamel pnini'j. "I'i'-'-'c; .I'-e brilliantly coloured 
decora, tive paints, yielding smooth and lustrous 
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coatings. Essentially they consist of oil var- 
nislies, ground up with the finely divided pig- 
inents and thinned hy spirit of turpentine. The 
high, lustre of the painted surface is due to the 
large proportion of resins present. 

Such rnisceUanr i - 'ye so-called 

‘ gold ’ paints and ■■■!'■.■ of bronze- 
I>o'wders suspended in resinous varnishes, or in 
a solution of celluloid in amyl acetate and 
acetone) ; ‘ silver ’ paint (in which finely divided 
alntninium is the pigment) ; aniline-coloured 
alnminhxm paints ; raica-scalc paint ; flexible 
paint ; grease paints (tinted cosmetics) ; floor 
paints ; roof paints ; and the like, can receive 
hut a bare mention here. Aluminhim paint is 
now very extensively used. 

For analysis of paints, v. Analysis : also 
references below. 

Liter aiwe. — J. Cameron, Oils and Varnishes, 
1886; W. J. RusseU and W. do W. Almey, 
Report ... on the Action of Li,ght on Water 
Colours, 1888 ; A. P. Laurie, Pigments and 
Vehicles of the Old Masters, Cantor Lectures, 
Soc. Arts, 1891-1892 ; J. Bersoh, Die Fahrika- 
tion der Mineral-und Laclcfarhen, Wien, 1893 ; 
ISvidence and Report, Departmental Committee 
on the Various Lead Industries, 1894 ; A. P. 
Tjaurie, Facts about Processes, Pigments, and 
Vehicles, 1 S95 ; R. Lemoine and C. clu Manoir, 
Manuel Pratique de la Fabrication des Couleurs, 
Paris, 1898 ; G. H. Ellis, Analysis of White 
Paints, Chicago, 1899 ; F. H. Jennison, The 
Manufacture of Lake Pigments from Artificial 
Colours, 1900 ; J. Borsch (Trlr., A. C. Wright), 
'".rhe Manufacture of Mineral and Lake Pigments, 
inOl ; A. H. Chnrch, The Chemistry of Paints 
and Painting, 1901 ; J. 0. Smith, The Manu- 
facture of Paint, 1901 ; E. -T. Parry and J. H. 
Coste, The Chemistry of Pigments, 1902 ; T. 
Oliver (ed.), Dangerous Trades, 1902; G. H. 
TTurst, The Painter’s Laboratory Guide, 1902 ; 

E. G. Clayton, Some Analyses of Common Pig- 
ments, Chem. News, 85, (1902), 290 ; L. E. Andes 
(Trlrs. A. Morris and T:I. Bob''.on\ Oil Cciour« a’ld 

Printers’ Inks, 1903; A, '4, -.Is 

of Testing Painters’ Ma ( ri d-, I'-U'i;!: !*. N. !!• -- 
luck, Painters’ Oils, Colours and Varnishes, 1905; 

F. Diol6, Les Mati^sres Premihros employdos dans 

Da Peinture en Batimcnt, Paris, 1905 ; A. IL 
Sabin, The Industrial and Artistic Technology 
of Paint and Varnish, 1906 ; J. M. Thomson, 
The Chemistry of Artists’ Colours in relation to 
their Composition and Permanency, Soc. Arts 
•Tour. 5-1- (1905-6), 388-397 ; C. H. Hall, The 
Chemistry of Paints and Paint Vehicles, 1906; 
C.. Zerr nnd R. Riihencamp, Hnndhuch dcr 
Farhen-Fahrilcation, Dresden, 1906 ; A. P. 
Daurie, Oils, Varnishes, and Mediums used in 
-“l-.r ■T'-ctures, Soc. Arts Jour., 55 

i-V . '■ ; G. H. Hur.st, Painters’ 

Colours, Oils, and Varnishes, 1906 ; M. Toch, 
The Chemistry and Tcchnologvof Mixed Paints, 
1907; L G. Cientcle (ed. ‘ Vr ■ ■ ■ ■ T 
der Farbenfahrikation, I'r.. ; 

Eoutsoho Ge.sellschaft zur Beionierung rauon- 
eller Malvorfahren, Kommission znr Bekampfung 
von Misstauden in der Herstellung, im Handel 
iind in dor Verarlicitung dor Farhen und Mal- 
Tuaterialien, Miinchen, 1906 ; C. Petit (trlr., 
ID. Grant), The Manufacture and Comparative 
Merits of White Lead and Zinc White Paints, 
1 907 ; G. Zerr and R. Rubencamp (Trlr., C. 


Mayor), A Treatise on Colour Manufacture, 
lOCiS ; C. D. Holley, The Ivoad and Zinc Pig- 
ments, 1909 ; J. C. Smith, Oxide of Zinc, Its 
Nature, Properties, and Uses, 1909 ; A. Eibner, 
Malmaterialienkunde als Gnmdlage der Maltech- 
nik, Berlin, 1909 ; J. N. Friend, An Introduction 
to the Chemistry of Paints, 1910 ; W. G. Scott, 
White Paints and Painting Materials, Chicago, 
1910 ; A. P. Laurie, Greek and Roman Methods 
of Painting, 1910 ; A. P. Laurie, Materials of the 
Painters’ Craft, 1910. E. G. C. 

PALATINE ORANGE. This colouring mat- 
ter is the ammonium salt of tetranitro-y- 
diphonol. It is soluble in water, and dyes wool 
and silk orange in a bath acidified with acetic 
or sulphuric acid (Hummel, Dyeing of Textile 
Fabrics (1885), p. 401). 

Tetranitro-y-diphenol Ci2H4(N02)4(0H)o is 
obtained by the action of fuming nitric acid on 
y-diphenol or on benzidine, and melts at 220° ; 
prolonged heating with concentrated nitric acid 
converts it into picric acid and oxalic acid 
(Schmidt and Schultz, Annalen, 207, 336). 

PALISANDER WOOD. This name is now 
generally applied to one or more kinds of 
timbers that resemble rose-wood and are ob- 
tained in tropical South America and 'Mexico. 
The wood is lighter or darker violet brown 
or chocolate, and is marked by darker, often 
black, bands running witlx the grain. The 
actual origin of the timber is not known, but is 
attributed to the bignoniacoous Jacamnda 
'brafsiliann (Pers.) as well as to one or more 
species of the leguminous genera Machaerhm 
and Dalhergia. 

The name ‘ palisander wood ’ lias apparently 
also been applied to an entirely different red 
dye-wood of unknown origin, obtained in 

I* M.i Sym. Pd. At. wt. 106'7. 

Occurs in all varieties of crude platinum and in 
many copper ores, especially in those which 
are nickeliferous and which arc associated with 
pyrrhotino. It also occurs as an alloy with 
platinxim or golrl, c.specially in Brazil, and, in 
as,sociation -with selenidc of lead, in the Harz, 
in the form of hexagonal plates, although its 

t'orin in other deposits is 

‘ principal source is the matte 
from the coppor-nickel ores of Sudbury in 
Ontario. The total production of the United 
States, mainly from this source although jiartly 
from crude j>latinum, was over 2000 oz. in 
1910. 

Palladium has also been detected in a 
meteorite (Trottarelli, Gazz. chim. ital. 1890, 
20, 611) and in the solar spectrum (Lockycr, 
Compt. rend. 1878, 86, 317). 

Preparation. — Palladium may he precipi- 
tated as a double ammonium chloride from 
the mother liquor obtained after removing 
platinum and iridium (xj. Platinitm) (Wollaston, 
Phil. Trans. 1805, 96, 316). The pui-e metal 
may be obtained from the double salt by rcnlueing 
the latter at a red heat in a current of dry 
pure hydrogen, after which the metal is cooled 
in a current of carbon dioxide to remove occluded 
hydrogen. The metal is also formed by the 
reduction of palladhnn chloride with formic acid 
or a formate. Mercuric cyanide precipitates 
palladium from neutral solutions as the whil-.o 
di-cyanicle which yields the metal on ignition. 
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In either case the metal must he heated in 
hydrogen and then coeded in carljon dioxide. 

LIteriilure. — BuuBcn, Phil. Mag. 1808, [iv.] 
30, 253 ; Philipp, iJhigl. Poly. d. 1870, 220, 95 ; 
(luyard, (Jonpit. rend. 1803, 50, 1177 ; Leidie, 
ibid. 1900, 131, 888; Orluil, Ghem. Zeit. 1900, 

30, 714. 

Palladium is a silver-white metal as hard as 
idatinura but less ductile. It has a sp.gr. of 
11-97 (Violle) and melts at 1546° (Waidner and 
Burgess, J. Soc. Ohom. Ind. 1907, 1140). When 
heated to low redness m air, it becomes bluish, 
but it regains its white appearance at higher 
temperatures. At the melting-point of iridium, 
it boils and volatilises as a green vapour with 
partial oxidation. 

It unites with lluorine and chlorine at a dull 
red heat, and super licially with iodine when 
treated with alcoholic iodine solution. Palladium 
is readily attacked by aqua regia, but loss so by 
other acids. It unites with sulphur and 
selenium, less readily with phosphorus and 
arsenic, and with silicon at a white heat. It 
forms alloys with many metals. 

Palladium has been employed for the gradu- 
ated circles, &c., of philosoplucal instruments, 
and, to a small extent, in watch-making, and has 
been used for the electro-plating of parabolic 
mirrors on account of its silvery appearance 
and absence of change on exposure to impure 
air. It is also used for soldering platinum, 
but the bulk of the output is employed in the 
manufacture of dental alloys. 

Palladium, in the form of jjalladium asljestos, 
is said to give excellent results when used as a 
contact substance in con.ibuKtiou analyses. It 
may bo preiiarcd for this purp(jse by jn-ecipitat- 
mg a solution of pure palladium chloride in the 
presence of asbestos, by means of alkaline 
sodium formate (Jacobsen and Landosen, Ber. 
1907, 40, 3217 ; Bennstadt, ibid. 3077). 

Palladium, either in the form of spongo or 
black, has catalytic properties in a greater 
degree than platinum. 

Literature on the catalytic proitorties of 
palladium and of colloidal j)alladium, Goquillon, 
Gompt. rend. 1878, 87, 795 ; Phillips, Zeitech. 
anorg. Ghem. 1894, G, 213 ; Lunge and Akunolf, 
ibid. 1900, 24, 191 ; Kraut, Ber. 1887, 20, 1113 ; 
Jahn, ibid. 1889, 22, 989 ; Zelinsky, ibid. 1898, 

31, 3203; Bredig and Portlier, ibid. 1904, 3, 

798; Paal and Roth, ibid. 1908, 41, 2273, 
2282; ibid. 1909, 42, 1553; ibid. 1910, 43, 
2684, 2092. .. . o 

Palladium sjionge or black would be employed 
on a commercial scale instead of or in coninnetion 
with platinum if a sufficient supply were 
available. 

Palladium absorbs various gases in quantities 
varying with its physical state (Gailletet and 
CoUardeau, ComiJt. rend. 1894, 119, 830; 
Mond, Ramsay and )Shields, Proc. Roy. Soc. 
1897, 62, 290 ; Harbeok and Lunge, Zcitsch. 
anorg. Ghem. 1898, 16, 50). 

At ordinary temperatures, a 2 )alladium wire 
will absorb between 300 and 400 times its 
bulk of hydrogen and, when heated to redness 
in hydrogen, it absorbs nearly 1000 volumes 
and increases in bulk by nearly 10 p.c. This 
‘ alloy ’ of hydrogen and palladium is permanent 
in air and in vacu6 at ordinary temperatm-es, 
but yields up the whole of its hydrogen when 
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heated in vacud (Monel, Ramsay and Shields, 
Ghem. News, 1897, 76, 317 ; Dewar, ibid. 274 ; 
Eiseher, J. Soe. Ghem. Ind. 1906, 993). 

‘ Palladium hydrogen ’ is a valuable reduchig 
agent (Sabatier and Senderciis, Compt. rciid. 
1892, 114, 1430; Ann. Ghim. Phys. 1896, 7, 
357, 383 ; Engel, Gompt. rend. 1899, 129, 618 ; 
Keiser, Ber. 1887, 20, 2323). 

In presence of water and of oxygen, pal- 
ladium hydrogen seems to behave as an oxidising 
agent, this being probably due to the formation 
of hydrogen peroxide, which m the presence of 
palladium, behaves as the oxidiser (Traube, Ber. 
1889, 22, 1496 ; Hoppe-Seyler, ibid. 2215). 

The salts of palladium have so far been 
but little applied to technical use, but some of 
them, like potassium palladium chloride, are 
employed for toning in photography (J. Soc. 
Ghem. Ind. 1911, 1410). The metal is commonly 
included m the sub-group which includes the 
metals rhodium and ruthenium. All three are 
lighter, melt more readily and are more easily 
volatilised, oxidised, and dissolved than the 
other metals of the group. The 

division of the platmum metals into two groups 
is, however, somewhat arbitrary, and depends 
mainly on difference in density ; and palladium, 
like osmium, would almost require to bo placed 
alone except as regards this one point, if sub- 
division wore permissible. 

Palladium Compounds. 

Oxides. Palladium monoxide PdO may be 
prepared as an amber-coloured mass, yielding a 
black powder, by heating a mixture of a palladium 
salt with potassium carbonate ; or as a bluish- 
green mass by heating the spongy metal in a 
curreixt of oxygon at 790°-840°. It acts as a 
Ijoworful oxidising agent to organic substances, 
and is reduced to metal by hydrogen or hydrogen 
peroxide. When freshly precixjitatcd in the 
cold from a palladons salt with sodium carbonate, 
the hydroxide is ilark brown, and is readily 
soluble in alkalis. IE dried or xirecipitatcd from 
a boiling solution it becomes insoluble. The 
palladious salts which corresxDond to this oxide, 
are of a green, rod, or brown colour, and have 
ail astringent taste. 

Palladium dioxide PdO a may bo obtained m 
an imxiure hydrated form, soluble in acid, by 
the interaction of caustic soda and a palladi- 
chloridc, or in a purer form, by the anodic 
oxidation of the nitrate (Wohler and Konig, 
Zcitsch. anorg. Chom. 1905, 46, 323 ; ibid. 
1906, 48, 203). It is a vigorous oxidising agent. 

Palladium sesquioxide PdoOg is best prepared 
by the electrolytic oxidation of a concentrated 
solution of palladious nitrate at 8° with a current 
density of 0-5 cm. am^i./cm® ; but if the electro- 
lysis is prolonged, the dioxide is formed (Wohler 
and Martin, ibid. 1908, 67, 398). It forms a 
dark brown unstable powder ; gives unstable 
solutions in hydrocliloric acid, and when sus- 
pended in other and mixed with alkali chlorides, 
on addition of hydrochloric acid, the double 
chlorides PdCl 3 , 2 M'Cl are formed, which in contact 
with water yield the salts MaPdOl^. , 

Halogen compounds. Palladious chloride 
PdCL may be prepared by the action of air or 
of chlorine and hydrochloric acid on the metal, 
or by heating palladious sulphide in dry chlorine 
(Matigaon, Compt. rend. 1903, 137, 1051). 
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It crystallises with 2 mols. of water with a 
reddish-browT-i colour ;■ loses water on heating 
and becomes dark broim, and at a red heat 
forms the monochloTide PdClj red-brown 

■ ^ . Palladious chlondo 

, . ■ ■ ■ oxide, yielding the 

crystalline compounds PdCljj'CO, m.p. 197°; 
PdCla-2CO, m.p. 142°; 2PdCl2-3CO, m.p. 132 
(Fink, Compt. rend. 1898, 126, 646). , . . , 

PaUadious chloride forms double^ chloride 
with other metals known as ■ 
chloropalladites of the typ' ■ 

and Krell, Ber. 1905, _ 38, ^ ' 

potassium salt is used in : i 
(J. Soc. Chem. Ind. 19C ,!■■■'■ 

819)- . . . 

Many organic basic derivatives oi these salts 
are known (Hardin, J. Amer. Chem. Soc. 1899, 
21, 943 ; Rosenheim and Maass, Zoitsch. anorg. 
Chem. 1898, 18, 331 ; Gutbier, Ber. 1906, 38, 
2105 ; Gutbier and Krell, ibid. 3869 ; ibid. 
1906, 39, 616, 1292 ; Gutbier and Woernle, ibid. 

2716). , . .u f 

Palladio chloride is not known m the free 
state, but only as double salts of the typo 
MoPdClg, and in combhiation with tertiary 
cyclic organic bases, and with tertiary bases, as 
intensely coloured products (Mohlan, Ber. 1906, 
39, 861 ; Gutbier and Woernle, ibid. 4134). 

The sesquiehloride PdOls is obtained as 
above, and in the form of double salts M.2PdClij 
(Wohler and Martin, l.c.). Bromides and iodides 
of palladium are also known (Gutbier and ICrell, 
l.e , ; Smith and Wallace, Zeitsch. anorg. Chem. 
6, 380). 

Ammonia salts. Ammonia acts on palladious 
salts forming palladosammine and palladiodiam- 
mine compounds, analogous to the corre.sponding 
platinum compounds (Miiller, Annalen, 1853, 
86, 341). Palladium derivatives of hydroxyl- 
amine (Zeisel and Nowaek, Annalen, 1907, 351, 
439) and of hydrazine chloride (BurdakofI, J. 
Russ. Phys. Chem. Soc. 1909, 41, 757) have been 
prepared. 

When a 33 p.c. solution of a primary alkyl 
amine is- added slowly to an excess of palladious 
chloride or bromide solution, rose-red needles of 
a salt 'Pd(NH3)4XaPdX2 are thrown down. 

>’ ■ ■ ^ mto paUadosam- 

• . II . , ■ . . dRoX^ (R=mol. 

of amin .X ’ 'a) heating to 200°, 

(&) by ■.. . ' <ueous solution, (c) 

by solu ■ ' ! and precipitation 

■with the desired halogen hydride. 

The paUadosammme chlorides are of a pale- 
yellow colour, the bromides dark-yellow, and 
the iodides brownish-yellow. They all yield 
colourless solutions in concentrated ammonium 
hydroxide (Gutbier and ICrell, Bor. 1906, 39, 
1292 ; Zeitsch. anorg. Chem. 1905, 47, 23). 
Certain diamines also yield rose- or flesh- 
coloured salts with palladous hahdes of the 
composition PdD2X2,PdX2 (X=halogen, D= 
diamine) (Gutbier and Woernle, Ber, l.c. ; see 
also Rosenheim and Maass, l.c.). 

Palladious nitrate Pd(N03)2 is formed by dis- 

, • J-.. J.1 nitric acid. It 

. ■ , . . ■ . ■ prisms, w'hich 

•on addition of water are converted into a brown 
powder of composition Pd(N03)2,3Pd(0H)2. 

Potassium paliadionitrite Pd(N03)iK2 is a 
pale-yellow crystalline powder formed by adding 


potassium nitrite to a hot solution of potassium 
palladiochloridc, and according to Puzzi-lwiot 
and Couquet (Compt. rend. 190(b 130, 107.*), 
this may serve as a micro-chemical test lor 
palladium. 

Palladious cyanide is a palo-yellow salt ob- 
tained by the action of mercuric cyanide on a 
palladious salt. 

Palladious thiocyanates are descriheil l>y 
Belucci (Atti. R. Accad. Lincei. 1904, v. 13, n. 
386). 

Palladious sulphate PdSO^,H20, formed by 
the solution of the hydroxide in sulphuric acid, 
forms ohve-greeu crystals which are decomposed 
by water forming a basic salt Pd(S04),7Pd(OH)2- 

The sulphides Pdgfc), PdS, and PdB.j ; seleiiides 
(Roessler, Zeit.sch. anorg. Chem. 1895, 9, 31 ; 
see Petrenko-Kritchenko, ibid, 1893, 4, 247), and 
also thiosulphates are known (see, too, Hofmaa 
and Hochtlen, Ber. 1904, 37, 245). 

Palladium silieides are formed when the 
elements are heated together to 600°-B00° 
(Lebeau and Jolihois, Compt. rend. 1908, 146, 
1028). 

A number of complex nitrites, suliihites, 
phosphates, and oxalates have been prcparofl 
(Loiselour, Compt. rend. 1900, 131, 262 ; Ve/ws, 
Bull. Soc. chira. 1899, [iii.] 21, 172 ; Rusciilicim 
and Itzig, Zeitsch, anorg. Chem. 1900, 23, 28), 

For certam other organic compoutulH of 
palladium, see Hofmann and Rabe, ibid, 1897, 
14, 293 ; Kurnakoff and *Swosdare£f, ibid. 189S), 
22, 384. 2. K. 

PALMITIC ACID OFIgrCHaluCOOH is a con- 
stituent of the greater number of animal and 
vegetable fats, in which it occurs as the glyceride 
tripalmitin C3H5(Ci8H3i02)3- It is obtained 
from palm-oil (whence it.s name) by _saponilica- 
tion ; also by treating oleic acid with caustic 
alkali. Jtalso occurs in Chinese wax {humSapium 
sebiferum [Roxb.]), in Japanese wax (from Rhus 

■ " . ceti, human 

. ! ■ ■■ . ■ : : Maskdym;, 

J, 1855, 519; Brodie, Annalen, 71, 169 ; Krall't, 
Ber, 1888, 2205 ; Varrentrapp, Annalen, 35, 
210). Crystallises from alcohol in needles : 
m.p. 62°, and distils, with slight decompo.sition, 
between 339° and 356°, h.p. 268'5° (lUO mm.) ; 
sp.gr. 0-8527 at 62°/4°. 

Cetyl palmitate CioHsiOoOigHga is the chief 
constituent of .spermaceti (Heintz, Annalen, 80, 
297). Crystallises from ether in thin plates ; 
m.p. 53-6°. 

Ceryl palmitate CiqH3j 02C3,H55 is the main 
constituent of opium wax (Hesse, Ber. 1870, 
639) ; m.p. 79°. Myricyl palmitate 

Ls found in beeswax (Brodie, Annalen, 71, 159) ; 
m.p. 72°. 

By heating palmitic acid with glycerol, the 

mono-, di-, and ■ •"pared. 'Rri- 

palmitin melts .. ■ ■ ■ and Smith, 

Amer. Chem. J. 6, 230 ; Stenhouse, Annalen, 
36, 54), 

For estimation and other details, v. Oins, 
Fixed, and Fats, 

PALMITIN V. Oil, Fixed, and Fats. 

PALM KERNEL OIL. Palm kernel oil i.s 
obtained from the kernels of the palm tree fruit. 
The kernels are collected by the native, s after 
the palm oil has been recovered from the lleshy 
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part of the fruit ; the shells arc removed hy 
eracldng each nut separately with a stone or 
hammer. This work is chielly done l)y women 
and children. Owing to the laboriousiiess of 
this process, and also to the fact that no 
more than about 15 januids of kernels are 
obtained by one worker in a day, and that the 
kernels have to bo carried to the market, 
enormous quantities of palm nuts are wasted. 
Although recently several nut-cracking machines 
have been sent to the west coast of Africa, they 
have hitherto not been able to supplant manual 
labour. The kernels are collected at the coast 
stations and shipped to Enroim, The chief 
receiving ports are Hamburg, Liverpool, and 
Marseilles. 

In Europe the kernels are screened to free 
them from shells, stones, nails, hammerheads, 
then passed over magnetic seijarators, and 
finally ground between rollers to a paste. The 
pulpy mass is either expressed in hydraulic 
presses or extracted with solvents. In the 
first process the meal must be pressed twice, 
on account of the large proportion of fat the 
kernels contain. 

On a commercial scfde, the first expression 
of palm kernel meal is carried out at a tempera- 
ture of 46°-50°, the second at 65°-60°. Thus 
43-45 p.o. of palm kernel oil is recovered. 

The press cake contains G-8 p.o. of oil ; its 
proportion of nitrogen is small (about 2-5 p.o.), 
hence its value as cattle food is somewhat low. 
For the same reason the extracted meal has a 
low manurial value. 

The colour of palm kernel oil is white to pale 
yellow. In the fresh state the oil is neutral and 
has a pleasant smell and an agreeable nutty 
taste. Commercial samples contain, however, 
notable amounts of free fatty acids, 

l^or physical and chemical characteristics, 
V . tables under Oils, Fixed, and Fats. 

The chief constituent of palm kernel oil is 
lauric acid. In addition, there are present 
smaller quantities of caprylic, capric, caproic, 
myristic, palmitic, and oleic acids. 

Palm kernel oil is largely used for soap- 
making. The freshest oil is employed in the 
manufacture of vegetable butter (like ‘ cocoa 
nut oil ’) and of ‘ clujcohde fat.’ In this latter 
manufacture a hard fat (‘ palm nut stearine ’) 
is obtained ; the liquid ‘ palm nut oleine,’ being 
a by-jiroduct, is used in soap-making. 

J . L, 

PALM OIL. Palm oil is obtained from the 
fleshy part of the ripe fruit of the palm tree 
Elceis (juinmisis (Jacq.), which forms vast 
forests along the west coast of Africa, extend- 
ing between Gambia and fcit. Paul de Loanda. 
The west coast of Africa is practically the only 
suiiplier of palm oil. Elceis gmnee7isi‘i forma a 
very large number of sub-species for the descrip- 
tion of which the reader may be referred to 
“Le Palmier a PHuile” by Joan Adam 
(Challamel, Paris). 

The favourite habitat of the palm tree is the 
open country or bushland ; it grows frequently 
where the natives have cleared the virgin 
forest. The tree is characteristic of the coast 
line and the lower reaches of the rivers, lb will 
grow in all soils, but does not bear well at 
a higher elevation than 3000 feet. Under 
favourable conditions the tree forms a trunk 


when five years old, and then begins to bear 
fruit. The yield afterwards increases and the 
tree gives its full harvest in its 12th year. 
This rate of yield is continued throughout the 
life of the palm tree, which lasts 50-60 years. 

Owing to climatic conditions, the process 
of extraction has been liitherto practised ex- 
clusively by the natives, and is an exceedingly 
crude one. When the fruits ripen, the men 
climb up the trees and cut off the bunches with 
‘ matchets.’ Owing to the height from which 
the bunches fall, a large quantity of the fruit 
is bruised, which naturally leads to rapid 
fermentation and to hydrolysis of the oil. The 
women and children pick the fruit from the 
bunches and throw it into a hole dug in the 
ground and lined with leaves. The flesh of 
the fruit is at this time hard, and before the ker- 
nels can be separated, the flesh must be softened. 
This is done by sprinkling water on the fruit, 
covering it over with more leaves, weighted by 
stones and’’ h ” 'two weeks. 

During thi ■ ■ . ■ . . ■ ■ s in, which 

causes the fleshy part of the fruit to become 
soft, so that l:;c- kerccl— pnlm nut — can bo 
removed more icibib. . T- 'i- i-- done by men, 
who place the fermented fruits in a mortar, 
roughly made by lining a hole made in the ground 
with large flat stones. The fruit is then beaten 
with long wooden pestles, or the pulp is pressed 
by hand. The beaten pulp, together with the 
nuts, is taken out by women and children and 
placed over another hole, the sides of which 
have been cemented by plastering with a mix- 
ture of palm oil and wood ashes. The pulpy 
mass is then allowed to rest for a week. During 
this time, the oil drains into the cemented hole, 
from which it is ladled out into large calabashes 
of a size to make uj) one load. 

The oil so prepared represents a superior 
kind of product. Women and children then 
pick out the nuts from the pulp, mix the pulp 
with water and place it in large iron cauldrons, 
where the whole mass is well boiled and stirred 
until the oil rises to the top. The oil is skimmed 
off, and, in some regions, mixed with the first 
extracted oil or put into separate vessels for 
the market. Finally, the re.siduo is placed in a 
bag and squeezed over a hole so as to force oxrt 
the liqixid, from which more oil rises to the tox). 
This oil contains a largo quantity of water, and 
is again boiled out, skimmed off, and placed in 
calabashes. 

The oil is >■■■, 1- ’>y women — to 

the nearest coa: ’ ■ . : ■ , where traders 

collect it in large barrels, and take it down to 
the coast station. There the oil frequently 
undergoes a rough xiuriflcation by being boiled 

up with wa''”-. — ' 't is poured through 

sieves into ■ ■ ■ ■ .. shipment. During 

the last year, enorrs wore made to introduce 
Euroiiean methods of manufacture in the coast 
stations as well as in the bush in the French, 
English, German, and Congo territories at the 
west coast of Africa. 

Palm oil has a somewhat sweetish taste ; 
in its perfectly fresh state it is used as a cuhnary 
fat in the villages of the west coast of Africa, 
Its odour is pleasant and resembles that of 
violets ; this odour is not destroyed by bleach- 
ing with air at elevated temperatures, and 
persists even after the oil has been made into 
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soap. In consequence of the very crude mode 
of producing palm oil, causing it to remain for 
a considerable time in contact with fermentable 
vegetable tissue, hydrolysis rapidly sets in, so 
that the oil on reaching the coast contains 
already a notable amount of free fatty acids. 
Palm oil when shipped from the coast has at 
least 10-12 p.c. of free fatty acids. The pro- 
ees.s of hydrolysis, once begun, continues in the 
barrels during the voyage, and in consequence, 
commercial palm oils, on arriving at their 
destination, contain frequently from 20-50 p.c., 
and even more, of free fatty acids. In such 
palm oils, free glycerol is found. In old samples 
the hydrolysis may even reach completion, so 
that such palm oh practically consists of free 
fatty acids (Lewko-witsoh). The progress of 
hydrolysis can be observed even in oils kept in 
glass bottle3.jj 

The value of a palm oil in the market 
depends on the care with which it has been 
prepared, as also on the particular locality from 
which it is derived. The ‘ soft ’ oils are those 
containing a small quantity of free fatty acids, 
whereas the ‘ hard ’ oils contain a large pro- 
portion. The best ‘ soft ’ oils come from Lagos 
and Dahomey. Next in quality are the river 
oils (‘ medium ’ oils) j whilst the lowest quality, 
the hardest oh, is represented by Congo oh. 

The colouring matter of palm oil is not 

affected in the process -,-_g 

of caustic alkalis or lin ■ ; ■ ■ ■■ ■ ‘d ■ . ■■■- 

tion process it is destroyed. It is also slowly 
destroyed by exposure to air, more rapidly on 
heating or by bleaching with chemicals. The 
two latter processes are adopted in practice for 
preparing bleached palm oil. 

The bleaching process most in vogue, and 
that giving the best results, is the dichromate 
process. The oil is freed from its gross im- 
purities, and treated according to its quality 
with 1-3 p.c. of '"^'^'.-'--lato and the 

requisite amoun, ■ b acid. The 

diu'k ‘ chrome ’ liquor is then carefully run off, 
and the oil is washed with water, at first with 
the assistance of a little mineral acid, until it 
is c[uite free from chromium compounds and 
mineral acid. 

Not aU palm oils can bo bleached success- 
fully. Lagos and Old Calabar oils yield good 
results, bub dirty-coloured red oils, such as 
Congo oil, have hitherto withstood all attempts 
to bleach them. 

The chief constituents of palm oil are 
palmitin and olein. The proportion of stearin 
hardly exceeds 1 p.c. Dor the chemical and 
physical characteristics of palm oil, v. tables 
under Oils, Fixed, and Fats. 

Palm oil is chiefly used in the soap and 
candle industries. In the latter industry it is 
valued ccekris paribus by its ‘titer.’ Being a 
non-drying oil, it is also employed in the tin- 
plate industry, to preserve the surface of the 
heated iron sheet from oxidation until the 
moment of dipxhng into tho bath of melted tin. 

For tho purposes of the tin industry, ‘ palm 
oil greases ’ are sold, consisting of palm oil 
adulterated wdth cotton seed oil and mineral 
oil of the sp.gr. 0-905. J. L. 

PALM RESIN or GEROXYLIN v. Resins. 
PALM SUGAR or DATE-TREE SUGAR. 
Tho liquid extract of certain palms is more or 


less rich in saccharine substances which are 
easily V, . A method of 

obtain:- . ■ ; ■ has existed in 

India from time immemorial, and was found to 
prevail among the aborigines of America on the 
discovery of that continent. 

The palms which supply sugar are Borassus 
flabellifer (Linn.), Phosnix sylvestris (Roxh.), 
Garyota wens (Linn.), Arenga saccharifera 
(LaMU.); &c. 

Palm sugar is hygroscopic, and appears to 
be purgative if freely used. To divest it of this 
property it requires to he refined. The juice 
is sometimes obtained by cutting off the lower 
leaves of the crown about th(5*eud of October, 
and stripping the trunk of such as grow upon it 
to the place Avhere incision is to be made. A 
bamboo cane is placed at the orifice each even- 
ing, by means of which the sap is conducted 
into vessels which are removed early next 
morning. In the case of Plmnix sylvestris, the 
tapping is done by making an incision in the 
wood at the base of the lowest green leaves, and 
subsequently removing slices of wood until the 
flow eeases. Tho cut axis of the inflorescence of 
Garyota urens, and the cut flower axes and cut 
sheatiling spathes of Borassus flabellifer yield 
the sugary juice. The process of extract- 
ing the sugar from the sap must be proceeded 
with without delay, as fermentation sets in 
rapidly, w'hen it is impossible to procure by 
boiling the syrup or goor, i.e. the mixture of 
molasses and crystailised sugar from which the 
sugar is extracted. The amount of sugar pro- 
duced is about 40 p.c. of the syrup. 

PALM TREE WAX v. Waxes. 
PALYGORSKITE v. Asbestos. 

PANCLASTITE v. Explosives. 

PANDERMITE. A natural calcium borate 
employed in the manufacture of enamels instead 
of borax, v. Colemanitb. 

PAPAIN or PAPAYOTIN. A vegetable di- 
gestive ferment obtained from the unripe fruit of 
Garica Papaya (Linn.),or papawtree, and used as 
an alternate to pepsin, from which it differs by 
being active in neutral and alkaline conditions 
(v. E. J. Easter, Pharm. J. 1885, 45). The half- 
ripe fruit when scratched exudes a large quantity 
of a milky juice, which when dry forms a powtler 
somewhat resembling gum arabic. The name 
‘ papain ’ is usually restricted to tho pure fer- 
ment as.sociated with a proteid substance, and 
is obtained by precipitation with alcohol and 
separation of albuminous matter by basic lead 
acetate. The fruit of tho papaw tree has long 
been used in the West Indies to render beef 
tender. The unripe fruit is split open and 
rubbed over the surface of the meat previous to 
cooking. Its action probably depends upon the 
fact that papain has a digestive action, not only 
upon mu.scular fibre, but also upon connective 
tissue. It digests fibrin and albumin in neutral 
and slightly alkaline solutions. When injected 
into the circidation in large doses it paralyse, s 
tho heart. I”. ■ T to 

favour the ■ -i n the 

blood (T. Li ; . ■■ ■ . i’ . . &c., 

927). 

PAPAVERINE V. Vegeto-alkaloids. 
PAPAVEROSINE v. Vegeto-alkaloids. 

PAPER. The art of modern paper-making 
consists in uniting or ‘ felting ’ together any 
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fibrous vegetable matter, so as to form a con- 
tinuous sheet. Owing to the abolition of the 
paper duties, in 1827, and the consequent rapid 
growth of cheap literature, the old dictionary 
deiinition of paper as ‘ a substance made of linen 
or cotton rags ’ no longer holds good. As a 
matter of fact, tliese substances constitute but a 
small fraction of the raw materials of the paper- 
maker. 

Any vegetable substance possessing a suffi- 
ciently fibrous structure can be utilised. Occa- 
sionally both animal and mineral fibrous 
substances — such as wool, silk, or asbestos — 
are employed, either alone or as admixtures. 

In order to giw some idea of the variety of 
materials from Avhich paper can be or has been 
manufactured, wo may cite a book that was 
published at P>iegensburg, Germany, by Jacob 
hichaelfer in 1765, the paper of which was made 
from about sixty dillerent sources, amongst 
which the following are curious and interest- 
ing : sawdust, hop-vines, hornets’ nests, peat, 
■ moss, various woods, 

, . , majority of oases the 

jiapor is of very inferior quality, the pulp being 
coarse and unbleached. A similar book is that 
containing the poems of the Marquis do ViUetto, 
puljlished in 1786. Another, of historical in- 
terest, is one the pajier of which was made 
entirely from straw. It was published in Eng- 
land in 1800. 

M !wil’.-.';,:-.;I’ng the variety of materials 
.'■i.e-: < .■' various kinds continued to 
c'.i. i' I'.'.v material of the paper-maker 
until the year 1800, when Mr. O’honias Rout- 
ledge infiroducod esparto grass {v. EsrAUTO). 
This material, which jxjssosses many advan- 
tages, is very extensively used in this country. 
Of late years, however, owing to the enormous 
increase in the demand for paper, it has been 
largely supplemented by straw, and more espe- 
cially by wood. 

The chemical characteristics of the paper- 
makers’ raw jnaterials have already been dis- 
cussed in the article Cellulose. These materials 
consist, with the exception of cotton and linen 
rags, of one or other, or a mixture, of the 
various (iompound celluloses ; and the treatment 
thc.y undergo consists essentially in isolating the 
cellulose l)y chemical means. This treatment is 
•leccjinjianied by separation, more or le.ss com- 
plete, into individual cells, which vary in length 
from about 1-5 mm. in the case of esparto to 30 
mm. intheca.so of flax. This chemical splitting 
up into cells is supplemented by a mechanical 
operation known as ‘ beating,’ whereby the 
material i.s still further reducjed («. mfra). 

T'he various processes that the dillerent 
forms of cellulose undergo before being made 
into paper may bo divided into four main 
branche.s— (1) cleaning, (2) boiling, (3) bleach- 
ing, (4) beating, or reducing to pulp. In addition 
1,0 these, there are the proce,s.ses of sizing, colour- 
ing, &c., which will be included in No. 4. 

1. Cleaning. This is a purely mechanical 
])rocess, and consists in removing from the raw 
material adventitious matter, such as sand, dirt, 
&ri. I*a,rt of this work is done Ijy hand-labour, 
especially in the case of rags, but the modern 
tendency is to replace hand-labour as much as 
]jossiblo by machinery. In the case of rags cut 
by machinery, the pieces, spread on to a table 
VoL. IV.— IT. 


made of coarse wire gauze, are examined by girls, 
and such articles as buttons carefully removed. 
At the same time the rags are sorted into various 
kinds, such as cotton, linen, jute, canvas, &c., 
each Iiind being separately stored in boxes. 
This process, which is somewhat costly, is only 
practised in the case of rags intended to be used 
for high-class paper. The usual plan, which 
may also supplement the hand-labour, is to pass 
the cut rags through a ‘willow.’ This consists 
of two wrought-iron drums, furnished with 
teeth, which, when the drums revolve, pass 
rapidly near stationary teeth fixed in the frame 
in which the drums work. The sides and top 
are covered in with iron doors, and underneath 
is a grating for the escape of dust. The rags 
are fed into the drums by an endless travelling 
platform, and pass from thence into a duster, 
consisting of a kind of hollow cylinder made of 
iron bars covered with wire cloth. The cylinder 
revolves almost horizontally, a slight dip being 
given to it in order that the rags may be carried 
forward to the lower end. The ‘ willows ’ used 
for esparto and various other fibres are similar 
in principle. The cleaned and dusted rags, or 
other material, are carried forward by an endless 
felt to the boilers, where the next operation is 
performed. 

2. Boiling. The boiling processes vary con- 
siderably with the Icind of material. We will 
discuss them in the oi-der of their simplicity. 

(a) Bag boiling. Rags, being for the most 
part refuse from textiles made from pure or 
nearly pure cellulose, require a comparatively 
light treatment. It may be conducted either in 
spherical or cylindrical boilers, or in the ‘ vomit- 
ing ’ boilers, described under Esparto. In the 
case of spherical boilers the heating is caused by 
‘ live ’ steam : cylindrical boilers arc usually 
jacketed. It is preferable to cause the boilers to 
revolve. They are furnished with inlet and out- 
let steam-pipes, pipes for running in liquor and 
water, man-holes for filling and emptying, and 
safety valves, pressure gauges, &c. The alkali 

y- 1 --'’her caustic soda, caustic 

' . ■ . or a mixture of the latter. 

I’lie proportion of alkali depends mainly on the 
state of the rags and the nature of the sub- 
stances to bo removed, and also to some extent 
on the pressure of steam employed and the 
duration of the oi)cration. As a general rule aiJ- 
plieable to rags and all other fibres, it may 
bo stated that the higher the pressure and the 
longer the time occupied, the less alkali (within, 
of course, certain limits) is necessary. The 
amount of alkali varies fromll P-c. of 70 p.c. 
caustic soda in the case of? the higher qualities 
of rags to 5 p.c. in the case of lower qualities. 

The presHXiro also varies considerably — say, 
from 5 to 60 lbs. per square inch. In the opinion 
of .some the lower prossurc.s are to be preferred, 
as at the high temperature associated with higher 
pressure there is a tonclenciy to fix a certain 
amount of dirt and colouring' matter in the rags, 
thereby defeating to some extent the object of 
the boiling. After boiling, the rags may be 
washed in the boiler or in a sei)arate washing 
engine which will Ir: ."ob-,: :i'l” described. 

An elTective . in exposing 

the rags, continuously wetted withl caustic 
soda solution, to an atmosphere of steam at 
10 lbs. pressure. The dry and dusted rags are 
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packed into waggons, fitted with, perforated 
bottoms. The waggons are then run into a hori- 
zontal cylindrical vessel, called a ‘ Ider,’ which 
they almost completely fill. When in position, 
a pipe at the bottom of each waggon fits tightly 
over a pipe passing through the bottom of the 
kier and connected by means of a centrifugal 
pump with an outside pipe communicating Avith 
the top of the Ider. Caustic soda solution is run 
in, and is made to circulate through the rags by 
means of the pump. One end of the Ider is 
closed and the other is fitted with a V-shaped 
door, which falls into a slot of similar shape, 
maldng a readily-adjusted steam-tight joint. 
The door is raised and lowered by hydraulic 
pressure. The apparatus is known as the 
‘ Mather Steamer Kier.’ 

(&) Esparto boiling. Esparto, being a com- 
pound cellulose, requires a more drastic treat- 
ment than rags. The first process that esparto 
undergoes is that of ‘ xucldng.’ This operation, 
which is done by hand, consists in removing 
root-ends, weeds, &c. It has latterly been 
largely dispensed with, and a more complete 
mechanical- treatment substituted. For this 
purpose the grass is passed through a willow 
and duster similar in principle to that described 
under the head of Rags. 

After passing through the machine the grass 
is in some oases carried along a travelling belt, 
and is discharged direct into the boiler. These 
are almost invariably stationary, as a revolving 
boiler is apt to cause the grass to form into 
dense masses, which resist the action of the 
soda used in boiling. An esparto boiler is shown 
in Fig. 1. It is furnished with a perforated 



false bottom B, on which the grass rests. Steam 
enters by the pipe a, which reaches below the 
false bottom and causes the liquor to rise up the 
outer pipe c, .strike against the ‘ bonnet ’ n, and 
distribute itself over the grass in a fine spray. 
'.I.'he door e is for filling in the grass, and the 
door H for emptying, d’ho boiler is fitted Avith 
a safety valve K. Each boiler holds about 00 
cwt. of grass, and the operation lasts about five 


hours. The amount of soda varies according to 
the nature of the esparto, Spanish requiring less 
than African ; about 16 lbs. of 70 p.c. caustic 
per cwt. is an average quantity. The steam 
pressure also varies^ from 5 lbs. to 45 lbs. per 
square inch. Occasionally an open boil is used. 
The modern tendency is to employ the Ifigher 
pressures, as being more economical of time and 
soda. Other forms of vomiting boilers have 
lately been introduced, in which the vomiting 
arrangements are fixed either outside the boiler 
altogether, as in Roeckner’s, or are placed at the 
sides, as in Sinclair’s, thus giving more space for 
the grass. The alkali used is invariably soda. 
The boiling operation being completed, the 
liquor is run off from a cock at the bottom of 
the boiler, and the grass partially Avashed Avith 
water in the boiler. This also has the effect of 
cooling the grass and enabling the Avorkmen to 
remove it to the washing engine or ‘ breaker.’ 

In some mills the grass is placed in a series 
of tanks similar to those used for dissolving 
black ash, where the Avashing can be effected 
with a very small quantity of Avater — a very im- 
portant matter from the point of view of recovery 
of the soda. 

The washing engine, which may be used for 
any other fibres besides esparto, is sboAvn in Fig. 
2. It consists of a rectangular vessel with 
rounded ends, in the centre of which is the mid- 
feather B. The action of the roll a, which is 
fitted with clusters of steel knives o, disinte- 
grates the grass and causes it to circulate round 
the engine. The floor is sloped as shown by the 
dotted lines D and n', the effect being to cause 
the grass to pass under the roll A, the knives of 
which pass close to simih" -j-,- ' ,i 
fixed to the ‘ bed-plate ’ I. '! . 
the roll and the ‘ bed-plate ’ can be varied at will 
by means of the wheel e. 

A continuous stream of water is run into the 
engine, and the dirty water is lifted by means of 
the ‘ drum washer ’ c, the periphery of which is 
covered Avith fine Avire gauze. The centre of the 
drum is formed of a conical tube, the narrow 
end of which is towards the ‘ mid-feather.’ The 

dirty Avater ; '~r -rh v-'-- gauze is 

lifted by the y ■ I' ’J -S \ ■ o, and is 

’ V. 1 ■ the centre of the dram, 

■ ■ ■■ ■ V by the trough L, and pas.seH 

doAvn the ‘ mid-feather,’ which is made hollow 
for the purpose. 

The grass having been thoroughly washed 
and reduced to the state of pulp by means of the 
steel knives in the roll, is ready for bleaching. 
This operation will be describe.'' -■ d'- 

(c) Straw boiling. StraAV ■■ ■ 

esparto_in its chemical characteristic's, but being 
more highly lignifled a somewhat severer treat- 
ment is required. . This is obtained either by 
boiling at a very high pressure, 60-80 lbs., or 
by using a larger proportion _ of caustic soda 
(18-20 lbs. per CAvt.). In treating straw for use 
in bigh-class papers, it is customary to bloAV it 
through a Jarge receptacle, the floor of Avhich is 
covered by a sieve kept in vibratory motion. 
The receptacle is arranged that heavy particles, 
such as sand or stone, fall through the grid in 
the first section, Avhile the heavier particles of 
StraAV, such a.s the knot.s, are carried forward to 
the second section. The very light pieces are 
carried through to the third section. 
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IThe advantages of this system of treatment 
are, that the subsequent operations can be 
conducted with greater uniformity. The boiling 
operation usually takes place in largo revolving 
boilers. Owing to the rotary action of the 
boiler, the straw is in the state of fine pulp and 
readily flows through a 3 -inch pipe. It is run 
into tanks, the bottoms of which are formed of 
perforated tiles. The liquor is run off and fresh 
water added until all soluble matters have been 
removed. It is then ready for bleaching. 

In making straw pulp of fine quality it is 
sometimes found advantageous to pass the 
washed pulp between horizonta’ ' " - 

whereby the knots and any ■ ' ; ' ■ 

are finely ground and rendered more easily 
bleached. 

(d) Wood V. GBLLtTLOSB. 

(e) Other fibres. There are a number of 
fibrous ''materials which are available for the 
paper-maker, such as ]ute, raanilla, adansonia, 
&c,, the treatment of which calls for no special 


notice. The nature of the treatment which 
they undergo varies with the kind of paper for 
which they are intended. The greater number 
of such fibrous materials are used for papers 
where strength is of far greater importance than 
colour or appearance, such, for example, as 
brown papers and paoldng papers. In such 
cases the paper-makers aim at a minimum 
resolution of the fibre, so as to preserve the 
strength and increase the yield. In the case 
of jute the individual fibres are very short and 
weak, and a strong and perfectly white paper 
made from jute is an impossibility. If, however, 
the filaments are not completely resolved, a 
strong fibre can be obtained. 

The cheapest metl d ” '"ch fibres 

is to boil them under p ' d of lime. 

This treatment is not nearly so effective as that 
with caxistic soda, and the fibre produced is 
coarse and hard. The yield is, however, 
high. 

There is another very important material 



which may be mentioned here, viz., mechanical 
wood-pulp. A large quantity of this is used in 
the cheaper kinds of paper. It is prepared by 
disintegrating wood by mechanical means alone. 
Blocks of wood, from which the knots liave been 
removed, are ' ■ “ ■ ‘ ■■ 'r - - ■ at 

the same time ■■ " jhe 

stones. The wood is so placed that the fibres 
are torn off in the direction of their length in 
order to secure as great length as possible. The 
stream of water carries the pulp forward as fast 
as it is made. The larger undisintegrated por- 
tions are removed by screens of coarse wire 
cloth. In tjrder to .still further refine the pulp 
it i.s caused to pass between two horizontal 
cylinders of sandstone, the upper one of which 
revolves rapidly. 

Where power is cheap such piilij can be 
econon.icidly pr. Tr'rc; : h i '. however, at best 
but a -i'i..': ;■ 1. 1 ■■ 0 r-.;-;': i" ■ and other pulps. 
Paper’ 'I -Mi ic bi';:. il tie strength, and 

is very susceptible to atmospheric action, fi’he 
woods chiefly used are white pine and aspen ; 


the latter yields a pulp of good colour but little 
strength. 

3. Bleaching. The proce.sses of bleaching 
paper-pulp are practically identical for aU classes 
of material. The agent employed is a solution 
of calcium hypochlorite, made by dissolving 
bleaching-powder in water. The operation may 
be conducted in the breaking engine previously 
de.seribed, or in a separate engine called a 
‘ potcher,’ which is similar in construction, but 
the roll is furnished only with blunt blades, 
which .serve as paddles to cause the pulp to 
circulate. Sometime,s large potchers made of 
brick and cement are used. 

A sysfem that is being very largely used, is 
that known as the ‘ Contim p -- 

ce.ss,’ where the bleaching is ■ ■ 

of towers [v. Pig. 3). The pulp, after washing 
and breaking, is pumped into the first tower, and 
after partial removal of the water by means of 
a concentrator, is bleached while being kept in 
circulation by means of a centrifugal pump placed 
at the base of the tower. If only one tower is in 
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use, the stuff can be pumped up continuously 
to the top of the tower, where it is distributed 
by means of a cone towards the sides. Where 
there is a series or ‘ battery’ the pulp is pumped 
up into the next tower, and so on through the 
series. It is usual to have a second concen- 
trator fitted to the last tower for the purpose 
of removing the spent bleach, and the soluble 
non-cellulose constituents. 

The advantages claimed for this system are 

' power is required for 

; . , r < ' i . (2) an approximate saving 

! ■ . p.c. owing to the concen- 

tration of the pulp under which the bleaching 
process is carried out, (3) the bleaching is carried 
out at the ordinary i; :i '.n-, i’n.s obviating 
any possibility of i)'.. r-. 

The action of the calcium hypochlorite may 
be hastened by heat, the ^ potchers ’ being pro- 
vided with steam pipes for this purpose, or by 
the addition of sulphuric or hydrochloric acids. 
The best results are obtained by the action of 
bleaching solution alone, in which case a longer 
time must bo given. This is more than com- 


pensated for by the extra yield of pulp and its 
greater strength. 

The ami . ■ ' " 1 h ’ is —d.' ' necessary 

to bleach : i ■ i- ■ ' ■rom about 

7 p.c. in the case of straw to about 15 p.c. in the 
case of wood. These amounts are calculated on 
the unboiled materials. 

Clrlorine gas as a bleaching agent was for- 
merly used for rags, but is now almost entirely 
superseded. As a matter of fact, chlorine will 
not bleach the majority of pulps ; it enters into 
combination with the fibre substances, producing 
yeUow-coloured combination products. Advan- 
tage has been taken of this fact by F. C. Glaser 
in his process for treating straw. The straw' is 
first boiled with a reduced quantity of soda ; it 
is then drained and exposed to the action of 
chlorine gas. A subsequent treatment with 
bleaching liquor produces a very pure white 
pulp. 

The blcacliing of pulp by means of the 
products of the electrolysis of chlorides has 
attracted much attention. Of the various pro- 
cesses introduced, one of the best known is that 



of M. Hermitc, which is in successful operation in 
many mills on the Continent. It depends upon 
the fact that when a solution of magnesium 
chloride is electrolysed, magnesium hypochlorite 
is formed, v.M;-!, -i-. considerably greater 

bleaching '-il i i.e.y .Ic-i calcium hypochlorite 
of equal ;■ 'ivc-'.' 

After bleaching, and before ■' 1 n- vi ."pm., -'r-.i 
of beating, the pxilp is some-. i n,.:-:---.: 1-y 
passing it over a ‘ presse-pate,’ whicH consists of 
a strainer and that part of a paper machine on 
which the wob of paper is formed. The pulp 
is thus made into a thick continuous sheet ; 
at the same time all soluble impurities, such 
as calcium chloride, &c., are removed. 

The ‘ presse-pfite ’ system has latterly been 
largely superseded by tlxe use of ‘ concentrators ’ 
such as the ' Conper ’ concentrator. 

This consists of a revolving drum fitted with 
a central cone arranged so as to deliver water at 
both ends. The drum is of perforated brass 
and covered with wire-cloth. The pulp is 
px. ■; butterfly throttle valve into 

a ' ■ . whereby it is caused to flow 

along the whole width of the drum cover. The 
cover or hood is so arranged by means of packing, 
that the water in the beaten stuff can bo forced 
through the wire-cloth of the revolving drum, 
at a pressure of 2-3 lbs. to the square inch. 


leaving a mat of fibre upon it. .The fibre is thou 
picked off the wire by means of a jacketort couch 
roll, and again removed by means of a w'ooden 
doctor, and deposited into boxes. 

This action secures a higher concentration of 
pulp than the ‘ presse-p4te,’ as in the latter case 
the water is separated from the fibre by gravity 
only. 

4. Beating. The bleached pulp, before heiim 
made into paper, requires to be beaten up into 
fragments of from 1-2 mm. in length. In the 
case of esparto, straw, and wood, this length 

I; ‘•' -I- ,f j’..-. qxdividnal fibres; the 

'or' ■ ■ ' ' )re, is confined to coin- 

’■ i ■ produced by the boil- 

ing and bleaching processes. But in the case of 
cotton and flax, the individual fibres of whieli 
are about 30 mm. in length, a much more ex- 
tended mechanical treatment is necessary. The 
operation is conducted in an engine called tlu; 
‘ beating engine,’ similar in construction to the 
breaking or w. ^ . described 

{Fig. 2), the ■ ■■ ■ being that 

the roll of tl ■ ■ ■ = ■ ■ th a larger 

number of knives. 

The distance between the roll and the bed- 
plate is arranged so as to ‘ tear ’ the fibres, 
instead of ‘ cutting ’ them, so as to give them 
the maximum amount of felting power. In 
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some cases the knives are made of bronze in 
order to avoid contamination of the paper with 
iron-rust. Various other forms of beating 
(•ngines have lately been introduced which dilJer 
somewhat in the arrangement of the various 
])a,rtH, ))ut which do not call for special notice. 

It is in this stage of the treatment of the 
pidp that the various loading, sizing, and colour- 
ing materials are added. Before doing this, 
however, it is necessary, unless the operation 
lias been previously performed in the washing 
engine, to remove the excess of bleaching solu- 
tion. This may be done by simple washing, 
many beating engines being provided with 
washing drums for the purpose ; or the bleach 
may bo neutralised by the addition of an anti- 
ohlor, such as sodium sulphite. 

5. Loading. Most papers, except perhaps the 
very finest ‘ writings, ’ contain some added mineral 
matter, such as ‘ per.rl lir.rdcnh":' ’ (calcium sul- 
phate, ground 'T p!'.-,-;p=:,i for the better 
qualities, and china clay for the cheaper papers, 
d'his addition cannot, unless carried to excess, 
1)0 considered an adulteration, as it fills up the 
I)ores of the paper, and enables it to take a 

i) Otter surface under the calender. 

Sizing. All writing papers, and most print- 
ing papers, require to have some material added 
1.0 them that will enable them to resist ink. 
'I’lus can be done in two ways — viz., by engine- 
sizing and tub-sizing : the former is done in the 
engine itself, the other in the finished paper. 
Engine-sizing consists in the addition of resinate 
of aluminium, which is precipitated in the pulp by 
the mutual decomposition of resinate of sodium, 
prei)arod l^y dissolving rosin (colophony) in 
sodium carbonate, with a solution of alum or 
aluminium sulphate. In addition to the resin- 
ato of alumina most papers contain starch, which 
may l)e dissolved in water and mixed with the 
resinate of soda, or may be added undissolved : 
the former is the |)lan usually adopted. Almost 

'.'. iiii i' .. in f;;;!!; ; iu: ’’ b'l', :-; I ■.■.■'irViu.M', i):'. h:.S 

little or no sizing property, and therefore does 
not prevent the paper being absorbent. The 
amount of alum added to pulp is largely in 
excess of that necessary to fully precipitate the 
resin ; the excess appears to bo necessary in 
order to got a hard paper. It probably has 
some action on the cellulose itself. The excess, 
moreover, tends to brighten the colour of the 
paiJer. 

Tuh-sizmg. This consists in passing the 
finishe<l paper, either in the form of sheets or in 
the web, through a solution of gelatin to which 
alum has been added. Occasionally soap is 
added to the gelatin. When alum is added to a 
solution of soap and gelatin, the soap is decom- 
posed and an infinitely fine precipitate is pro- 
duced, which forms mth the gelatin a kind of 
emulsion. The addition of the spap enables the 
paper to take a high surface with a minimum 
of pressure under the calender. 

6. Colouring. Most bleached pulps have a 
slight yellow tinge which req^uires to b6_ com- 

j) lemented by the addition of blue and pink in 
order to produce a perfectly white paper. The 
blues usually employed for this purpose are 
ultramarine and smalts, and occasionally aniline 
blues ; the pinks are either preparations of 
cochineal or aniline. Tor the production of 
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coloured papers a variety of different colouring 
matters arc employed in addition to those men- 
tioned, such as Prussian blue, chrome yellow, 
Venetian red, &c. 

The addition of the loading, sizin"', and 
colouring materials proceeds at the sanie time 
that the pulp is being ‘ beaten.’ When this is 
completed the pulp is ready to be made into 
paper. 

7. Making into paper {Hand-made paper). 
This is made on a mould of wire-cloth, fur- 
nished with a moveable frame of wood called a 
‘deckle,’ extending some distance above the 
surface. The workman dips the mould with its 
‘deckle’ into a yat containing the beaten pulp 
largely diluted with water, and removes more or 
less pulp, according to the thickness of paper 
required. He, then, by dexterous lateral move- 
ments causes the fibres to unite and form a 
continuous sheet ; at the same time the excess 
of water drains away. The ‘ deckle ’ is then 
removed, and the wet sheet of paper transferred 
to a piece of felt. This operation is continued 
until a number of sheets of paper and pieces of 
felt have accumulated, forming what is called a 
“post.” They are placed in a press to remove 
a further quantity of water. The sheets are 
then passed through a solution of gelatin, and 
hung up on lines or poles to dry\ When dry 
the sheets are calendered. 

Comparatively little paper is now made by 
hand on account of the great expense of labour ; 
it is, however, preferred for bank-notes, dra'vving- 
paper, &g,, on account of its uniform strength. 
Owing to the fact that a shaking motion in every 
direction can be given to the mould, the fibres 
are irregularly distributed, and the maximum of 
felting power is obtained, whereas in machine- 
made paper, as wifi, be seen : ■ .'I;., 

fibres tend to place themselvc ! ■ i ■ ■ ■. 
in which the stream of pulp flows. Such paper, 
therefore, is strongest across the web. 

Maohine-made paper. The modern Eourdrinier 
paper machine, so-called from the original in- 
ventor, consists essentially of an endless mould 
of wire-cloth on to which a continuous stream 
of pulp flows and on which a continuous sheet 
of paper is formed. On leaving the wire-cloth 
the wet sheet of paper passes through a series of 
rollers and over heated cylinders and calenders 
whereby it is dried and finished. The machine 
is shown in side elevation Mgs. 4 and 6. 

The pulp on leaving the beaters flows into a 
large store vessel called a stuff-chest where it is 
diluted to the proper consistency -with water. 
It is furnished with agitators to keep the pulp 
uniformly distributed. From here it is pumped 
and delivered under a constant head, to the sand 
tables. These consist of a long series of shallow 
troughs, the bottoms of which are covered with 
pieces of felt or thin strips of wood placed 
across the direction of the stream of pulp and at a 
slight angle, the object of which is to retain any 
particles of sand or dirt. The pulp passes from 
the sand tables to the strainers, which are usually 
of the revolving type, and like the old flat type 
of jog strainer or knotter consist of strong 
bronze plates having a large number of fine 
V-shaped slits cut in them. The slits are from 
2-3 inches long, and vary in width from 0-007 
to 0-05 of an inch. These slits allow only the 
fine fibres to pass, retaining all unboiled or 
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unbleached portions of fibre or other impurities. 
The passage of the stream of pulp through the 
slits is assisted by giving a vigorous shake to 
the strainer plates or by means of a pump 
placed below. One of these strainers is shown 
at c ; the shake is produced by the cam a acting 
on the hammer h. 

The strained and purified pulp passes from 
the strainer on to an endless travelling wire- 
cloth which is carried by a large number of 
small rolls /" and by the large robs w /' and G. 
The amount of pulp flowing, and consequently 
the thickness of the finished paper, is regulated 
by the sluice e. The tmekness also de- 
pends upon the rate at which the wire-cloth 
travels : it may vary from 60 to 600 feet per 
minute. 

Travelling with the wire-cloth are two end- 
less thick india-rubber bands i called ‘ decide 
straps.’ These can be regulated at any distance 
from each other and serve to determine the 
width of the sheet of paper. The rolls /" and 
the wire-cloth are carried by standards g" which 
are jointed at their lower ends. At the top 
they are connected with a rod having a rapid 
to-and-fro motion which is communicated to 
the wire-cloth. This shaldug motion serves to 
some extent to neutralise the tendency of the 
fibre.s to sot themselves in the direction of the 
flow of the pulp. 

The small rolls f" cause the excess of water 
to pass more freely through the wire-cloth. As 
the sheet of paper passes along, it goes over the 
vacuum boxes i which are connected with air- 
pumps, by which a further quantity of water is 
removed from the sheet of paper. 

Underneath the wire-cloth is a box k called 
a ‘ save-all.’ The water passing into it holds 
in suspension a certain amount of fibre. This 
fibre can be recovered by passing the water 
through a filter or the water may be used to 
dilute a fresh quantity of pulp. Any pattern, 
or ‘ water-mark ’ as it is called, may bo pro- 
duced on the paper by causing a light skeleton 
roll, called a ‘ dandy roll ’ covered with raised 
wire in the form of the .' ■> to press 

lightly on the wet pape . I ' ■ ■ placed 

between the vacuum boxes i. ^ iucer passing the 
last box I tho still wet paper passes betw'een 
the ‘ couch-rolls ’ QQ'. These are covered with 
felt and serve by their pressure to still further 
dry the paper. The paper here leaves tho wire- 
eloth and is transferred to an endless felt which 
travels in the direction of the arrows over the 
roll h. On its journey, it passes between the 
‘ first-press rolls ’ K, and then tlirough the 
‘ second-press rolls ’ L. The paper, being still 
weak, is supported by a felt travelling on tho 
rolls 1. After leaving the ‘ second-press rolls ’ 
L, tho paper is carried to the drying cylinders M, 
heated -v^h steam, of which there may be as 
many as twelve or more. 

They are generally divided into two sets, 
between the sets being a pair of highly polished 
heated rollers N called ‘ smoothers.’ After 
leaving the last drying cylinder tho paper passes 
through tho calender o and is then wound off 
at 3 ?. 

Single cylinder machine. In the single- 
cylinder or ‘ Yankee ’ machine, the paper after 
having been formed on a wire cloth in substan- 
tially the same manner as in the Pourdrinier 


machine, is dried by passing over one very 
large cylinder. 

In another form of machine the paper is 
formed on tho jieri- 
phery of a cylinder 
covered with wire 
cloth, which revolves 
in a vessel containing 
tho pulp. 

Calendering. It is 
sometimes necessary to 
give a greater ‘ sur- 
face’ to a paper than 
is acquired by the 
calender at tho end 
of the machine. This 
may be done in several 
ways. One method, 
called ‘ web-glazing,’ 
is to pass tbe web 
of paper between alter- 
nate rolls of polished 
iron and highly com- 
pressed cotton or paper. 

Another method called 
‘ plate - glazing, ’ con- 
sists in passing a 
bundle of sheets of 
paper alternated with 
polished zinc or copper 
plates, between a pair 
of rolls to which great 
pressure is applied. 

Still another method, 
which is known as 
‘ friction-glazing,’ is to 
pass the web of paper 
between two rolls, one 
of wliich travels at a 
much higher rate than 
the other. After calen- 
dering, tho paper only 
requires cutting and 
sorting before being 
placed on tho market. 

Soda recovery. Ifor- 
mcrly, before the intro- 
duction of tho Rivers 
Pollution Act of 1876, 
all liquors in which 
esparto and other fibres 
had been boiled were 
thrown away ; it is 
now the practice to 
recover tho soda con- 
tained in them by 
evaporating to dryness 
and incinerating 
the residue, thus 
obtaining tho 
soda in the form 
of carbonate. 

This has in most 
cases been 
to be higi] 
munera 
Various fo: 
apparatus 

economically evaporating large quantities of 
water have from time to time been intro- 
duced. These can be divided into two 
types, (1) the direct evaporating plants under 
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ordinary atmospheric pressure, and (2) single or 
multiple effects, where evaporation is carried 
on under a partial vacuum. A very effective 
form representing tlie lirst l.ype is that known 
as the Porion evaporator, which consists of a 



large brick chamber on the floor of which the 
liquor is placed. A number of rapidly re- 
volving fanners stir up the liquor and distribute 
it in the form of a very line spray. The 
chamber is connected with a reverberatory fur- 
nace where the evaporated product is incine- 
rated, the waste heat from which serves for 


I the preliminaiy ; ""his evaporator, 

worldng with : .is capable of 

I producing i tc ! , . ■ . ■ for an expen- 

diture of about 27 cwt. of coal. 

There arc several forms representing the 
second type, one of the best of which is that 
known as the ‘ Scott Multiple Effect Evaporator.’ 
By means of this apparatus, coupled with a 
rotary furnace, it is possible to effect recovery of 
96p.c. of the soda, and with a coal consumption 
equal to 10 c\vt. per ton of ash produced. 

One form of the evaporating plant is shown 
in Eig. 6, and may consist of one or more vessels. 
Each unit consists of an evaporator, the heating 
surface of which is in the form of tubes of two 
differeiit diameters so arranged that the liquor 
which circulates in these tubes does so with 
considerable velocity, thus exposing a large 
heating surface. The steam generated in the 
first effect, working under a pressure of lbs., 
is used to heat the second ‘ effect ’ which works 
under a slight vacuum, and so on for each con- 
secutive unit, with a correspondingly increased 
vacuum. 

The ‘black’ liq-. ^ ’ o first 

‘effect’ and passe- ' each 

succeeding ‘effect’ ■ oncen- 

trated that it will only just flow. 

The concentrated liquor is pumped up to a 
store tank mounted above a roaster, which may 
bo of the flat hearth type or hotter still, a rotary 
roaster. The latter is a revolving steel shell 
provided with steel rails, and supported on steel 
wheels, some of which act as ' supports ’ and 
id others as dividers. The inside lining of lire 
^ brick is so arranged that a slight slope is. given 
from the feeding end to the discharging end. 
The concentrated liquor is fed into the roaster 
at a constant rate, the temperature of the 
roaster being at white heat. This causes imme- 
diate evaporation and firing of the organic 
matter. The fused sodium carbonate is carried 
forward to the end of the roaster, and is ulti- 
mately discharged as a dark incandescent mass 
into barrows ifiaced at the end of the furnace. 
The contents of the barrows are left to burn 
slowly when the product is almost quite 
white. 

The Yaryan evaporator is similar in prineixfio 
to that already described. An important ad- 
vantage of these evaporators is the fact that 
the liquors, excepting whilo in the incinerating 
furnace, are not in contact -with tho products of 
combustion of tho fuel employed. Moreover, 
tho bulk of the water evaporated is recovcrccl 
in tho form of distilled water. 

The recovered soda, which, as has been said, 
is in the form of carbonate, may contain in ad- 
dition a considerable quantity of potash, derived 
from the fibrous substances which have been 
boiled in it ; also in tho case of straw or e.sparto, 
a large proportion, as high as 7 p.c., of silica. 
It is dissolved in water and causticised by boil- 
ing with lime, when almost the whole of tho soda 
it contains is recovered in tho form' of sodium 
hydroxide. It should be borne in mind, however, 
that it is liable to contain various accumulated 
impurities such as sulphate and cliloride, &c., 
derived from the soda originally employed, and 
from that wliich has to bo added to make up 
the loss in evaporation. This loss, together 
with that due to soda retained in the fibre. 
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leakage, soda volatilised dudiig calcining, and It is important tliat the loss should be made 
soda left iii the liinci )nu<i after causlieisiug, up with as juire u form of alkali as i)ossible. 
invariably amounts to 5~10 [i.e. E. J. J5. and W. B. 
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PAPER-COAL. A synonym for Dysodilo 
{q.v.). 

PARABANIC ACID [Oxalylcarhimkk) 


prepared by the oxidation fjf uric acid with 
moderately eoneentrated nitric; acid (Licibig luid 
Wohler, Aunalcn, 18118, 2(i, 285 ; Htrecker, 
Annaleii, 1861, 118, 151 ; 'I'ollenH, Ber. 1872, 5, 
801), with hydrochloric aeid and polaKsium 
chlorate, with maiiganeso dioxide and hut dihitu 
sulphuric aeid, or witli liromine. and water; ov 
by oxidising guanine with hydrochloric acid and 
potaHsium ehlorato (Fink, Annalen, 1804, 1112, 
298) ; has been syntlieslscid by Imating uxaniide 
with phosgene at 170''-18U° {v, BasarulT, ll<‘r. 
1872, 5, 477), or by boiling it with jdtenyl 
carbonate (Cazeueuvo, Coinjit. rend, 1899, 12*9, 
834) ; by the action of phosjjhorjd chloride on a 
mixture of oxalic acid and carlcainide, or on 


oxalurio acid (Grimaux, ibid. 1873, 77, 1548): 
(jr by distilling the mcmomeichi of nitrupyruvil 
G4H3(NOa)NaO with bromine and walcu* ((Iri- 
maux, lx. ; 1874, 79, 1478). Baruliaiiic; acid 
crystallises in Hat, monoelinic ]jriHmH, soluldi; 
in 21*2 parts of water at 8°, and medts and suli- 
limes at i(JU‘’. The hjdruie ( falUO,,Na,lhO or 


'NIi-G(OH}a . 


is obtaiimd when uric aeid ia 


oxidised with nitrie add (sp.gr. idl) at 3r>'''-r)0°, 
it forms largo compact crystals, soluble in 74 
parts of water at 8", becomes anliydrous at 
150'’-1G0°, and tbe dried sulwl ,ance rfuirystallises 
from water in anhydrous needles (Tcd'iens and 
Wagner, Annalen, 1873, 100, 321 ; Toliens, Ber, 
1872, 5, 8U1 ; Annalen, 1875, 175, 227). Para- 
hanic acid has heat of eomlmsticm -1-212*7 Cal,, 
heat of formation + 139-2 Cal., heat of di.sKolution 
—5*1 Cal. at 20° (Matignon, ('om])t, rend, 1891, 
113, 198) ; the diKKOciation coirstant for N/32 
solution is O-TSxiO-o (Wtjud, Ohem. Hoc. 


Trails. 100'- "" •' ; '• 

parabanic i ■ 

in the uriue partly unchanged and partly as 
oxalate (Fold, Ztiilsch, exjicr. Pathol, u. Ther. 
1910, 8, 308) ; it act.s on the central nervous 
syshmi,; i'’- 9 1 pTr,’,'' . then paralysis 

and Oil! i , i sorpor (Lusrni, 

tlhein. Zeiitu’. 1895, it. 311, 727, 838). Parahanie 
aeid is a dibasic acid, the ammonium 

'polanximn C^110aN2K and sodium C3H03N.,Na 
saltft, ]m*pared by adding alcoholic ammonia or 
IKiiassiuni or sodiuin ethoxido to an alcoholic 
Holutioii of the fic;id, are crystalline precipitates 
eonviu'ted in atiucous solution into the corre- 
.spomiing salt of oxaluric aeid 

HaN-CO-NII-CO-COall ; 

tlie mom- (J3li03N.jAg,H20, and di- 

sihrr sails exist (Menschutldn, Annalen, 1874, 
172, 73 ; Paulin, skaia, J. Russ. ]?hys. Chem. Soc. 
1SS5, 278) ; the carbamide salt 

Cu^lInOaN„,CiO(miz)s 

fornus Hat prisms (Hla.siwotz, J. pr. Chem. 1856, 
[i.J 69, 100). 

Aikyl and aryl substituted parafaanie acids 
have liemi pritiiared by the oxidation of certain 
purine rlerivative.s, or more generally by the 
uetiun of sdcoholic silver nitrate on the corre- 
spondii g 1 ;:j;!h:.;i''.‘ .icid. O'hcse compounds 

do not nn-eij-ii. de with a cold solution of 

calcium chloride to which ammonia has been 
adth;<l, hut on warming the mixture, calcium 
oxalate is precipitated (Andreasch, Ber. 1881, 
14, 1447 ; 1898, 31, 137). Methylpardbanic acid 
CJ3I-IM0O3N2, by oxidising theobromine with 
cliromic acid, or caffeine with bromine, forms 
transparent prisms, m.p. 14-9-6° ; the methyl- 
carbamide salt (J(tH.j03N2,C2Hg03Sf2 has m.p. 
127°-128° (Maly and Hinteregger, Ber. 1881, 14, 
‘ 723, 893 ; Monal.sh. 1882, 3, 85; Fischer and 
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I'rank, Bcr. 1897, 30, 2009). Ethijlparahanic 
cicid 03 iiEi 0 ;jN 2 , in.p. 40“ ; allylpumbanic 
f^icid, i».p. 14,0°. JDimclItylpurabimio acid, clioles 
iToplian (JaMcoOij’Na, obiaitiod by oxidifiiiig 
<'.:aifeiue with iiitiic auid (yicidiouKi;, Aiinalcn, 
1-843, 45, 871 : 40, 229), with clilorino water 
(llochlcder, ibid. 1850, 73, 57), or with hroiniue 
Avater, or l.)y the action of methyl iodide on 
Kilver parabanate (Andrea.sch, Bor. 1898, 31, 
138); melts at 145 •5° and distils unchanged at 
275°-277°, is soluble in 53-4 parts of water at 
20° (Maly and Hhiteregger, l.c.), and its heat of 
Combustion is -l-SSO-i 0 \ 'V " . Ann 

(Jhini. Phys. [vi,] 28, 70). ■ acid 

CsEt^OaNj, m.p. 46° ; 7nctliylethyl'iKirubanic, acid 
(JgMeEtOgNo, by oxidising j'-- y -- - 
in.p. 44° ; 7iieihylullylparabani ■ ' 
m.p. 75°; athjkllylparahanic acid UgilioU^iSa, 
m.p. 00° ; viathyl'phenylparabanicacidCia'B.^Os'iiiii 


m.i), 

n- 


148° 


elhylpUenylparabtmic acid, m.p. 


97°. 


ucid. 

Thioparabanic acids '■ r ^ ’ passing 

cyanogen ga.s into an of the 

thiocarbamido and heating the resulting cyanides 
with hydrochloric acid. 




pa/NE-C.-NH -,.^NE-CO 


u ii'ixh 'NR'CO 

arc yellow or orange-coloured crystalline 


■ _ - ■' p.-.rabanic acids 

described above have been prepared (Andreasch, 
Bcr. 1881, 14, 1447 ; 1898, 31. 137). ' 

M. A. W. 

PARABISMUT v. Synthetic Deugs. 
PARACONIC ACID v. Lactones. 

PARAFFIN. Properties. — ParaiBn is a solid 
wax-like substance, colourless, tasteless, and 

odourless, composed r-“ ^ ■ 

of the series o. '■! ■ : ■ ■ . 

with m.p. from" 10“0°P. {38°C.) to over 135°F. 
(67°C.). The higher melting varieties are hard 
and tough at ordinary temperatures ; all are 
jjlastic for some interval under their inolting- 
point.s, and when fused are thin mobile licjuid.s. 
Paraffin expands considerably in melting. With 
a wick it is easy to get it to burn with a clear 
white smokeless flame ; but it does not burn 
readily in the mass. Its flashing-point is over 
350°F. (177°C.). 

Thesp.gr. varies from 0-790^“ o.o^n 

to melting-point and origin. > ■ i ■ 

m.p. 38°0. had sp.gr. 0’8740 ? 
sp.gr. in the melted state, calculated to 21°0. 
was 0-795 (Beilby). The sp.hcat is 0-694. It 
is a nonconductor of heat and electricity. It 
contains carbon about 85 p.c., hydrogen 15 i).c. 
It is insoluble in water, but soluble in ether, 
mineral spirit and carbon disulirhide. It is 
characterised by indifference to most reagents, 
and can resist the action of many of the 

' ^ even when heated. 

■der paraffin is used in vast 
quantities for candle-making ; the softer rpiality 
for miner’s lamps, and household-, shii)-, and 
hand -lamps ; also for dipping the sticlcs of 
matches in place of the sulphur of long ago ; 
and often gets the name of match or miner’s 


paraffin. The pe''-’-'- p p - of paraffin 

make it a useful ■ ! ny purposes, 

and as day by day it is getting more plentiful 
and of lowoi- price its appheations arc extending. 
It is used for waterproofing cloth, leather, 
walls, cartridges, and wrapping paper ; for 
coating the inside of vessels to prevent the 
wood giving a taste to the delicate substances 
in them, such as butter, mineral waters, beer, 
&c. ; for coating metals to prevent rust ■ and 
decay ; for electrical insulation ;• for splints in 
surgery, as a medium for salves, for extracting 
perfume from flowers ; for waxing thread, 
floors, &c., for heating-baths in laboratories, 
and numerous other purposes. 

Production. — Paraffin is found native in 
various forms in the coal and other measures, 
e.g. as ozokerite {g.v.). A hundred years ago 
and more Uphall Parish and neighbourhood was 
lighted with ozokerite candles from Binny 
quarry, and"’ " ■ " ■ ’’ ' ” W" . 

to be used. ' ■ .- ' - . ■ . ■ ■ 

into the market as cercsin. Paraffin Avas first 
produced in quantity from bituminous shale, 
and that is still an important source in Scotland, 
France, and Australia. In Germany it is ob- 
tained from the distillation of brown coal. It 
is now obtained from American, Galician, and 
other petroleums, but not from that of Baku. 
In shale oil and petroleum it is associated with 
liquid and gaseous members of the paraffin and 
other series of hydrocarbons. Scotch crude oil 
contains 11 p.c. of solid paraffin, brown coal tar 
32 p.c., Galician petroleum 5 or G p.c., American 
2 or 3 p.c., Upper Burmah and Assam sometimes 
12 p.c. or more. For many years Scotland, 
with a yearly production of 20,000 tons Avas 
the principal producer in the Avorld, but noAv 
America produces 100,000 tons, and Galicia 
noAv puts on the market OA^'er 60,000 tons per 
annum. 

Distillation of bituminous shale for liquid 
products Avas tried in Scotland by Lord Dun- 
donald as early as 1781, but the Avorkl was not 
ready for it. Previous to 18'"'^ "“’i"’ ..--.-jk... 
had been extracted in the ■ ; ' i 

petroleums, Avood-tar, and coal-tar, but through- 
out the Avorld generally it Avas luiown only as a 
chemical curiosity. In F’rance, hoAvever, manu- 
facturing it had been attempted on a small 
scale as early as 1839, and candles proposed and 
patented in 1845. On the large successful 
manufacturing scale it AVas first produced in 
Scotland from torbanite, and this undertaking 
at once became well known and influenced 
the whole Avorld. Later on oil shale Avas 
used. 

Oil shale is at present worked for oil refining 
in Scotland, France, and Australia, and shale 
suitable for the purpose is found in Nova Scotia,, 
NeAv BrunsAvick, Servia, Spain, Tasmania, aiul 
many other places. 

The methods of refining are the same for 
petroleum, broAvn coal, and shale oils, viz, 
fractional distillations alternated Avith treatments 
of oU of vitriol and of caustic soda ; and the 
heavy oil when it contains, solid paraffin, is 
cooled and pressed for its separation. A 
description of the Scotch manufacture is so far 
typical of all, but shale oil requires much more 
refining than petroleum. Crude petroleum is 
obtained directly by boring and pumping, whilst 
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shale and brown coal have to be mined and re- 
torted to get the crude oil. This extra expense 
is to some extent compensated for by the pro- 
duction of ammonium sulphate. 

There ia no hope of the petroleum wells 
lasting permanently, and the world’s stock of 
it is being rapidly used up. The vast shale fields 
of the world will before long become of great 
interest and importance. 

The Shale Oil Iedhstby. 

Locality. — At one time there were crude oil 
works scattered over all the British coal-fields. 
Now, however, all the oilworks existing in 
Britain are situated on a belt of the oil shale 
formation, 6-S miles wiile, .=:'rj^::‘.ir.;: fr- r-i the 
shores of the Firth of I ■■i.;. A a : rii and 
Dalmeny 16 miles southward to the cast end of 
the Pentland range of hills at Cobbinshaw. 
Going due west from Edinburgh for 13 luUes 
lands one in the middle of this tract. Besides 
t^is locality there is a regular strike of the shale 
seams in a narrow strip 10 miles to the cast, 
whore the seams lie much closer together. There 
were workings on it at the village of Pentland. 
This lino is continued t.o the north side of the 
Forth and was worked at Burntisland. 

The raw material used is a shale, which, 
while containing not more than 2 p.c, of true 
bitumen soluble in carbon disulphide, has much 
organic matter present capable of giving bitu- 
minous materials by destructive distillation. 
It is black or brownish in colour, fine in grain, 
free from grit, and with brown streak. It is 
tough, and good samides under the knife curl 
over in thin shavings, while poorer samples are 
more friable. Some good foreign shales have 
not this property of curling in thin shavings. 
It resists disintegration by weathering. Some 
shale is ‘ irlain,’ having the laminar parallel with 
the stratification ; other shale is ‘ curly,’ side 
pressure while plastic having crushed it into 

■ ' ’ i irregular masses, with 

, surfaces. The amount 
of sfiafe distilled, in Scotland in 1911 was 
3,000,000 tons. 

Products, — The crude oil, in amount about 
70 million gaUons or 273,500 tons per annum 
in Scotland, varies in proportion of products 
according to the nature of the shale and the 
retorting. T’ . ; ‘ ts are : — 

1. Shale ■■ ■ . ■ ■ ■ about 4 p.c. 

on the crude on, siJ.gr. O'6uu-0'750, used a.s 
gasolene, motor spirit, solvent for india-rubber, 
burning in special lamps, &c. Water-white in 
colour. 

2. Burning oil, 20-30 p.c,, sp.gr. 0-786-0-830, 
used for lamps, and for internal combustion 
engines. Water -white or faint straw tint. 

3. Intermediate oil, sp.gr. 0-840~0*866, 10-20 
p.c. used for gas-making, gas-enriching, clean- 
ing purposes, oil engine fuel, greasc-maldng, and 
fuel for the navy. 

4. Lubricating oil, sp.gr. 0‘865-0-900, about 
20 p.c., used for lubricating machinery. Clear 
yellow colour. 

6. Solid paraffin, 10-12 p.c., .see above. 

6, StiU. coke, 3 p.c., used as a smokeless 
fuel for yachts, drawing-rooms, &c., and for 
electric candles, moulders’ blacking, &c. Fixed 
carbon 95 p.c., ash 0-5 p.c., sulphur 0-4 p.c., 
volatile hydrocarbons 4 p.c. 


7. Ammonium sulphate, about 60,000 tons 
a year, used as manure, especially for sugar beet 
growing, and largely exported. 

8. The tars, 15 p.c., washed from the 
chemicals used in refining, arc burned as fuel 
under the stills, sprayed W'ith superheated 
steam. 

9. Permanent gases are produced in the 
retorting and used as fuel for heating the 
retorts; and very rich pure gas is got in the 
refinery in distilling the crude and heavy oils 
to dryness and is used for illumination, and for 
fuel purposes under the stills. 

The oil products are composed of the paraffin 
and olefine series of hydrocarbons with a small 
but definite admixture of naphthenes and ben- 
zenes. In the impurities extracted by the 
chemicals and the distillation are strong bases 
of the pyridine and quinoline series, phenols, 
eresols, pyrene, chrysene, and other hydro- 
carbons more dehydrogenated than the olefines ; 
but the tars have not been thoroughly investi- 
gated. 

History . — ^At Lyon Playfair’s suggestion, 
James Young started, in 1848, a works in 
Derbyshire to refine petroleum from a spring 
found in comrection 'vvith coal. The supply, 
some 300 gallons a day, soon threatened 
to stop, and Young, who supposed that this 
petroleum had been distiUed by a natural 
process from the coal, set himself to create 
artilicial petroleum by the distillation of 
coal at low temperatures. He experimented 
with many varieties, English and Scotch, and 
found that caunel or gas coals were suitable, 
lie at last discovered the Torbanehill mineral 
near Bathgate, which proved exactly what was 
wanted. He took out his patent for low 
temperature distillation of coal in 1860, and 
the Bathgate works were in operation before the 
close of the year. Markets were soon created 
for lamp oil, wiilch was the principal product, 
and als-- -ij and solid paraffin. 

Young ■ . : i , . ■ lamps, and paraflin 

oil rapidly became the light of the people all 
over Britain. He called lamp oil paraffin oil, 
and paraffin oil, or simifiy paraffin, is the name 
yet commoifiy given in Britain to mineral 
oil for lighting purposes, whether of shale or 
petroleum origin. In America and on the 
Continent the name paraffin oil is applied to the 
heavy oil which is irressed directly from the 
solid paraffin. Tho manufacture proving a 
great success a good many works were erected 
throughout Britain during the run of Young’s 
patent, and many were got ready to start on its 
expiry in 1864, and others wore added after- 
wards. Factories w'ero also started on the 
Continent, some of them getting tho Torbanehill 
mineral exported to be distilled abroad. Many 
works were erected in America to work Young’s 
patent and distil the native coals, and adopted 
his method of refining. Petroleum from oil 
springs began to be produced in quantity in 
Pennsylvania in 1859, and these coal refineries 
were in existence ready for its refining, and helped 
in the rapid development of the new industry. 
Coal oil was already w'ell known in America, 
’amp -oil or kerosene is often yet 
■ the States and Canada. In the 
sixties the exportation of American kerosene 
to the United Kingdom began and increased 
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rapidly. The lamp oil fell in price from 2s. 6d. 
to Is. Zd. per gallon, and many worksi had to 
stoj). In 1B7I there were 81 works, within two 
years only 30. The Americans at lirst exported 
only burning oil, and the Scotch modiiied their 
retorts to produce heavy oil and paraffin, and 
bought in American residuum to refine it. 
Soon the Americans took up these branches, and 
the United Kingdom was supplied with a super- 
abundance of lubricating oil and solid paraffin, 
and their prices fell also. The ammonium 
sulphate, a by-product, became the saving of 
the industry, and the retorts were so modified 
that its production was doubled or trebled. 
About 1880 the supply of Peruvian guano, on 
which farmers had depended for their supply of 
combined nitrogen, now began to fail, and as a 
result the price of sulphate rose to £24 a ton, 
and the number of works was increased. But 
by 1890 sodium nitrate was imported in such 
quantities that the price of ammonium sulphate 
fell to £8 a ton, while burning oil brought only 
Qd. a gahon ; and again there was coiIap.se. 
The Russian petroleum industry had developed 
rapidly after 1873, and through time was 
competing in the English market for lamp and 
lubricating oils. Later on came competition 
from Galicia, Roumania, and the East Indies. 
The Scottish Industry has thus had many 
vicissitudes, times of success with expansion I 
alternating with depression and collapse. When 
bad times came the weaker concerns ceased to 
exist, but the stronger ones enlarged their works 
to cheapen production by the many economies 

that enlarged output ir ’ In 

the sixty years of the ■ ■ ' • in- 

dustry 120 works have dropped out of existence 
causing the loss of several millions of capital, 
yet the_ yearly production has not declined but 
rather increased. There are now only seven 
companies in all, viz. four with refineries, 
and three wlxich produce only crude oil and 
ammonium sulphate. In spite of the increased 
production of combined nitrogen from many 
new sources such as iron smelting, mondgas, 
•*^al coldng, and electrical utilisation of atmo- 
‘Wlieric nitrogen, the demand of farmers all the 
^orld over has increased so that the price of 
ammonium sulphate has remained for a series 
of years from about £12 to £14 a ton. Shales 
that not long ago would have been rejected as 
rubbish are now mo.st valuable on account of 
the largo yield of ammonia, and the exhaustion 
of the shale supply is indefinitely postponed. 
Pic::nit of the Scotch refineries, 

v. usual foreign competition, 
accentuated by the price war between the two 

great foreig” --■'•■-.'r jrporations, have 

lowered the ' ■ . paraffin products, 

and the present outlook is discouraging. Further 
economies are necessary, and the combination 
of all the companie.s into one organisation, 
jjarticularly in the selling dcTyartmcut, suggests 
itself as possible. 

The - continued existence of this home 
industry has without doubt kefjt the light of 
the people at one-half the price of what it would 
otherwse have been, and a great deal cheaper 
. than it is at the very gates of many American 
refineries. 

Materials that have heen used . — ^Young started 
the Bathgate works to distil the TorbanehiU 


mineral (torbanite), called also boghead coal. 
It yielded 100-130 gallons of crude oil. Volatile 
matters, 05 p.c., ash 22 j).c. It was a rich shale 
rather than a coal. The residue left from retort- 
ing was not a coke as with coal, but was in thin 
layers like spent shale, and the crude oil was 
lighter, viz. sp.gr. 0*9, instead of I-O as with coal. 
It was getting exhausted and too expensive 
within a dozen years, and shales were used 
instead, and also some parrot coal. The shales 
at lirst tried yielded 46-30 gallons a ton, and 
those now in use give from 30 to 20 gallons. A 
30 gallon shale has about 26 p.c. volatile matter 
and 75 p.c. fixed, of which 5 p.c. is carbon. The 
shale or parrot coals from the coal measures 
produced generally a crude oil having a higher 
sp.gr., more loss in refining, a thinner lubricating 
oU, and less solid paraffin than the shales of 
the shale measures. 

Geology. The position of the shale measures 
in Scotland may be seen from the following 
statement in which the series are arranged in 
descending order : — 

( Goal measures proper. 
Millstone grit. 

Carboniferous limestone series. 
Calciferous sandstone series, 
in which are the true shale 
measures. 

Old red sandstone. 

The coal measures proper with their many 
seams of workable coal have seams of shale or 
bastard cannel coal wliich ,.’ rl ■■ ■ - - I’l n-- -t . 
tilled in the early bright • ' ■ . , . 

Over many ordinary seams'ot coal there was found 
a foot or more of suitable material which was kept 
apart and distilled. It was found, for instance, 
in connection Avith the splint and Virtuewell 
coals, the Musselband ironstone, and Eltongue 
coal, in tho Coatbridge cbstrict. Seams from the 
true coal measures were worked for oil in I’ife, 
Ayrshire, and Midlothian, as well as throughout 
the English coal-fields in Yorkshire, Lancashire, 
Cheshire, and Stafford, and in particular there 
was for somo time a considerable Welsh shale 
oil manufacture at Leeswood in Flintshire. 
Tho position of tho TorbauclxiU mineral itself 
was near tho base of the coal measure not far 
above tho millstone grit. 

The carboniferous limestone scries with its 
j valuable limestone, coal, and ironstone contains 
seams of shale and parrot coal that were worked 
for oil in Lanarkshire and Fife. 

But foreign competition and low prices 
caused complete stoppage many years ago of all 
I oilworks in Britain except those of the true shale 
I measures. 

Tho calciferous sandstone series, in its upper 
division, sometimes 3000 feet thick, contains all 
the oil shales Avorked at tho present time. The 
seams, about twenty in all, vary much in thick- 
ness and quality in the different districts and 
the intervening strata are also variable. The 
folloAving is a generalised section to shoAV tho 
succession, See. The gallons are tho crude oil, 
and the lbs. tho ammonium sulphate, per ton 
of shale, as obtained in the modern retorts. 
The thickness in feet. 

Hurlet limestone and coal, a widely known 
position reckoned tho top of the shale measures. 
Strata, 400 ft. blaes, ironstone ribs, blackhand 
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ironstone, &c. (containing an upper Raeburn 
tSoam at iS. Gubbinshaw 100 ft. above the next 
.shale). 

: ' Jtaeburn nJtnlc, 3-0 ft., 40-55 gals., worked 

at VVe.st Caldcr and Tarbrux. Strata 190 ft., 
b]ao.s, ironstone bands, &c. 

Mungle shale, 2 ft., 35 gals., 30 lbs. Strata 
130 ft., blaes, fireclay, ironstone bands, volcanic 
, ' tuff. 

i Two feet coal, with a thin shale and iron- 

.stone band. Strata Houston marls, 230 ft., 
thick beds, massive, amorphous, unfossiliferous. 

I Addiewell grey shale, 2 ft., composed largely 

of entomostraca. Strata CO ft., blaes, fireclay. 

Houston coal, 4-6 ft. Lowest coal that has 
been worked to any extent in Scotland. Inferior, 

; Xfyi'hous, and interbeddod with blaes. Strata 

J50 ft., laminated sandstone, blaes, clayband 
ironstone. 

FelVs shale, 3-7 ft. Principal shale of West 
(!alder district, 26-40 gals., 30 lbs. Strata, 

Jiroxburn marl, 135-270 ft., limestone imme- 
diately under Pell’s shale, 3-6 ft., marly clays, 
j cement stone, no sandstone. 

[ Broxburn grey shale, 6 ft., 23 gals., 35 lbs. 

I ' Strata 5 ft. 

5 I Broxburn curly shale, 5 J ft., 26 gals., 38 lbs. 

! ■ I Strata 6 ft. 

j I Broxburn seam, 5-6 ft., 30-35 gals., 40 lbs. 

1 b At Midcalder there are other two seams above 

j ‘ those three Broxburn seams, and another 

' ! 16 ft. below the Broxburn. Strata 400-500 ft. 

• i blaes and marl, then the Binny sandstone, then 

i again blaes and marl. 

i I Dunnet shale, 4-12 ft., 24-33 gals., 24 lbs. 

' , ' At Oakbank there is a lower dunnet shale. 

\ j ! Strata 400-600 ft., sandstone, blaes, lime rib.s. 

I i' Barracks shale. Very variable, sometimes 

j . j 8 ft., and yielding 22 gals., but generally thinner 

s b and poorer. 

) ii Burdie house limestone, f- ■ ” d 

■ 4 position. Sometimes 64 ft. ^ 

• 1,1 600 ft., blaes and thick sandstones. 

i Pumyherston shales, 5 of them, with about 

! 12 ft. of blaes between each pair, re.spectively 

j ii S, 5, G, 7, and 4 ft. thick, 16-20 gals., 50-70 lbs. 

■ ;i The loAver division of the ealciferous sand- 

! 1 stone varies from a hundred to several thousand 
i ;; feet in thiclaicss. Sandstones, non-bituminous 

i shales, cement atones, &c., fill up the space 

: i until the upper old red sandstone is reached. 

^ ; The Wardie shales (11 gals., 20 lbs.) of this 

I lower division would not pay to work under 

i J present circumstances. 

: j The oil shale measures are very much 

; i troubled. They are contorted into great waves, 

1 ij sometimes even overlap, and the same seams 

' ij come to the surface at many places. There 

• 1 ,’ , are four great faults running E. or N.E. with 

; |j displacement of 1000-1500 ft., .and numerous 

i small faults or branches to the large ones. There 

' [j are dykes of igneous rock running through, the 

' i( measures for miles. There are numerous necks 

. 1 of igneous rock coming up through the other 

; ;! strata ; and there are many great sheets of 

; ii intrusive sfid intercalated between the normal 

; 1 strata, sometimes 5 or 6 ft. thick for a long 

; distance, but here and there thickening to a 

great depth ; sometimes keeping the same 
position for a wide space, then suddenly going 
Ixighor or lower. The intruded mass has often 
■ taken the position of a good shale, utterly, 


-nd occa.sionally retaining some 
■■ .of distillation in calciLc-lined 

cavities in the mass of the sill, as liepuid petro- 
leum, solid bitumen, or substance of intermediate 
consistency like vaseline. Certain sedimentary 
strata are charged with petroleum and brine. 

The surface of the country has been partially 
levelled down in later ages by glacier action, 
leaving hiUs with crag and tail where the neck 
of igneous rock came up. 

The ealciferous sandstone turns up m a 
broad band from the east to the west of Scotland, 
but only in this limited locality of the Lothians 
has there been the suitable circumstances for 
the rapid deposit and preservation of the P 

organic mateilal that gives value to the shale. 

This has been called sapropel on the Continent and 
kerogen in this country. It is composed partly 
of amorphous jelly and partly of microscopical 
algae, sjiores, and other minute forms of life, 
that seem to have been deposited in a brackish 
lagoon where there was little circulation and 
aeration of the water, so that on falling to the 
bottom they were enclosed in the mud and so 
preserved from decay. There have been great 
volcanos in the neighbourhood active during 
the deposit of this formation which first may 
have stimulated the minute life by_ warmth 
and afterwards by eruption caused their sudden 
precipitation to the bottom and envelopment 
in the mud. Dust thrown out by volcanos has 
formed extensive tuff strata throughout the 
district. Earthquake or poisonous gases may 
have caused the sudden death of the fish of the y 

fish beds; and the many thm_ deposits of 
chemical limestone may have obtained the heat 
for the decomposition and precipitation of the 
bicarbonate from the neighbouring volcanos. 

The shales worked in France and Australia 
belong to the carboniferous . 
ferous epoch. Vast deposits ■ ■ :. .' ' ■ ' 

found in Canada in the upper old red sandstone, 
rni,., of England belongs to 

; , . . Oil shale may bo got 

■ • , V.- of geological time. 

' I- ■ rldng is much like coal, 
pillar and stall, and the pillars removed later. 
Coal-cutting machines are not used. More is 
done by blasting in shale mines than with coal, 
various explosives being used, but mostly 
gunpowder. Boring for the shots is now done 
at several places by electrical machinery, a I 

hole being drilled in 5 minutes that takes 45 
minutes by hand. M- : T ' ’ , ’ ’ , pumping 

water, &c. is now ■ ■ :■ ■■ ■. electric 

power, raised by steam. Beiore siniung a mine 
or pit in a new neighbourhood it has to be well 
explored by boring as the seams vary much, 
and the vagaries of the intrusive sill cannot be 
foreseen. The workings vary from 0 to 1000 ft. 
in vertical depth, one pit reaching 1600 ft. 

A seam is often richer towards the outcrop and 
poorer as it increases in depth, but not always. 

There is fan draught as in coal pits. The 
ventilation has to be good to sweep away the 
smoke of the shot-firing. Fire damp gives 
little trouble so that naked lights are in general 
use. 

The manufacture is carried^^out in two 
divisions : I. the crude works, i ■ d 

I. The crude oil works ■ ■ ' . ■ 

, brealdng machines, retorts, condensers, receivers, 


scrubbing towers to take ammonia and light 
naphtha from the permanent gases of the 
distillation, a tower oil still and ammonia 
house. The crude works is situated in the 
middle of the shale held so that much of the 
shale is tipped into the breaking machine direct 
from the miners’ hutches. It is expensive to 
convey shale far underground, and so mines or 
pits are put down aU over the field and the 
shale brought in railway waggons to be emptied 
by hydraulic machinery into the breaking 
machine. If shale lies 5 miles or more from the 
refinery a crude works is put up there and the 
crude oil sent to the refinery by rail in tank 
waggons. 

The hrealcing machines consist of two strong- 
toothed cylinders between which the shale is 
broken into pieces about 4-6 in. square. One 
machine with cylinders 3 ft. diameter and ft. 
long puts through over bOO tons in a day of 
8 hours. The cylinders are of cast iron 3| in. 
thick with malleable steel teeth 2J' in. diameter 
and projecting 4|- in. outside the cylinder. 
The teeth of the one cylinder fall between the 
teeth of the other, and the clearance is self- 
adjusting 0-1 in. 

Retorting . — The broken shale falls into hutches 
on rails holding about 18 cwt., to be taken by 
endless rope up an incline to the top of the 
benches and emptied directly into the retort 
hoppers. The retort hoppers are often so 
large that filled by day there is sufficient supply 
for all night, inter distillation and passing 
down through the retort the spent shale falls 
into a hopper below, which is emptied at inter- 
vals, by day and night into iron hutches to be 
convoyed by endless rope or chain to the top of 
the spent shale bing. 

Eetorts arc arranged in two rows in benches 
of 44-06 retorts. The distillation is upwards, 
and along the top of the retorts on each side 



there is fixed the main to carry off the products 
of distillation. The exit from retort to main is 
7 in. diameter anti the main itself 30 in. 

The first retort used by J. Young in 1850 
was an imitation of the horizontal iron gas- 
retort of the time, but worked at as low a 
temperature as possible. Young soon adopted 
a vertical retort, but other works continued to 
use the horizontal type with improved ai'range- 
meuts until 1880 (Eig. 1). 

The old vertical retort (Idg. 2), a cylinder 
about LI ft. in diameter and 10 ft. long, had a 


bell-hopper above for charging, and a watei'- 
lute below through which the spent shale Avas 
raked. It was charged at intervals of an hour,' 
and a ciDrresponding quantity of spent shale Avas 
Avithdrawn half an hour after the charging. 
Vertical retorts, improved in form and sotting, 
oval in section, and lengthened to 15 ft., wore 



in use in some works until after 1880. About 
1860 steam had been introduced into the bottom 
of the retort. It moderated and transfused the 
heat, and SAvept the oil vapours rapidly out of 
the hot region, and the crude oil Avas improved 
in quantity and quality. These retorts wore 
fired by coal, and the coal furnace heated three 
retorts on each side of it. They were often 
overheated, spoiling the oil and destroying the* 
retort. Young recommended G00°-70d“l<’., but 
old vertical retorts sometimes reached 1200°- 
1600°ir. as measured by Siemens water pyro- 
meter. The result was thus dependent oh the 
care of the men. 

Many forms of retorts Avoro patented. W. 
Young in 1867 tried a retort Avith gas-jacket 
around the metal retort. It Avas not a succchh, 
but it proved that a grtsat improvement in the 
quality of the crude oil could bo effected Ity 
gentle heating. The siient shale of the early 
retorts contained about 12 p.o, carbon, and a 
large proportion of the nitrogen. W. Young in 
1872 attempted to utilise the spent shale for 
fuel Avith a gas lute between the products (jf 
combustion of the spent shale and the products 
of distillation. It required too much care in 
its management. N. M, Ilondersoii in 1873 
patented an arrangement by Avhieh tho spent 
shale was dropped into a furnace beloAv and 
served as fuel for tiro next charge (b'ig. 3). 
This Avas an intermfii " * ■ > ■' '. I ', 

held 18 CAvt, shale, and- ! : : 

every 16 hours, Tour ixstorts Avere in an ov<oi 
over one furnace and one Avas dropped every 
4 hours. Tho fuel bill was grcratly rcdiir^rid, anil 
tho poAver to over-heat Avas taken from the. 
men and a greatly improved crude oil Avas tlur 
result. This retort Avas Avidely adopted lor 
some time. The distillation was cloAvnAvards. 

The inodern tyfto rrf retort was the inveuiion 
(tf Cloorge Eeilby and William Young, expr'i'i- 
menting at first indejrondentJy and afirir-wai'ds 
in partnership. ’The Young and Beilbv retort, 
1881, Fig. 4, Avas a continuous Avorking onr;, 
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vertical, with upward distillation. The upper 
part made of cast iron, the lower part of fire- 
hriok, with a great hopper, on the top of all, 
common to four retorts. They were heated by 
gas fuel in flues around the retort.s giving a 
long passage to the burning gases. The shfile 
took 18 hours to pass down through the retort. 



Steam introduced at the bottom was super- 
heated at once by the hot spent shale. The 
temperature was not high enough for complete 
water gas, but the oxygen of the H 2 O acted 
on the carbon of the spent shale to give CO and 
CO a in proportion according to the temperature, 
while the nascent hydrogen reacted on the 
nitrogen of the shale to produce NHg. The 
lower or brick part of the retort is thus an 
ammonia and gas producer, and is worked at a 



high temperature, as high as can be ventured 
Avithout fusing the ash. The permanent gas 
produced was over 10,000 cu. ft. against 2000 
or 3000 of the earlier retorts, and the ammonia 
Avas doubled. The oil distillation toolc place 
in the iron part of the retort at a much lower 
temperature. The gases from the brick part 


were passed up through the fresh shale in the 
iron part, supplying heat, cushioning the largo 
molecules against decomposition and sweeping 
the products rapidly out of the heat. The 
presence of ammonia increases the yield of solid 
paraffin (Tervet). The exit for the products of 
distillation was from the top of the great hopper. 
The crude oil condenses on the cold shale at 
the top to be redistilled as the shale slips further 
down, and it Avas claimed that a distillation of 
the crude oil in refining was saved. For extra 
fuel gas required, a coal gas-producer retort was 
placed here and there in the bench among the 
retorts, and tlie ammonia recovered ; but such 
coal retorts Avere soon disused. 

All the present retorts are of the Young and 
Beilby type. The form used by Young’s 
company is very like the old Young and Beilby 
(Young and Fyde, No. 13666, 1897 ; and No. 
15238, 1899). 

The retorts knoAvn by the names of Fyfe, 
Bryson, Crichton, and Henderson have this in 
common that they have a mechanical arrange- 
ment at the bottom of the retort, supporting 
the whole column of shale and spent shale, 

rollers sloAvly revolving. 

jT .. 1 , ..,-1 _ , 1 retorts boldly and 

use . ■ ! '■ ' ■ !: cer for supplementary 

fuel; ‘'u' il' I ' ' • w used is so economical 

of he£ •. . :k.‘ , > -lale requires no extra 

fuel 0 . .* „• .■■,!,■ i ften excess of perma- 
nent gas so that after heating the retorts some is 
left to help in raising steam. The Henderson 
retort (Fig. 6) is now made in the metal part 
14 ft. long, in the brick part 20 ft., and the 
total height to top of hopper is 63 ft. The 
section is oblong, 2 ft. 9 in. by 1 ft. 3 in. at 
the top of the metal part, and 4 ft. 8 in. by 
1 ft. 10 in. at the bottom of the brick part. 
Each retort puts through 41 tons in 24 hours, 
and the shale is in the retort for 27 hours 
(Patents No. 0726, 1889 j and No. 26647, 1901). 

In the Bryson retort (patented by Bryson, 
Jones, and Fraser, No. 8371, 1894; No. 7113, 
1895; and No. 4289, 1897) (Fig. 6) the 
section is circular. This form gives strength 
and longevity and it can stand a higher tempera- 
ture of Avorldng than other fcjrms. The iron 
partis 15 ft, and the brick part 17 ft. 10 in. long ; 
the diameter 2 ft. at the top of metal, 2 ft 4 in. 
at bottom of metal, and 3 ft. at bottom of 
brick part. The bottom hoppers of the retorts 
of the tAVo rows in a bench converge so that a 
single line of rails under the centre of the bench 
receives the spent shale from both sides into a 
hutch, and reduces labour to a minimum. 

These large modern retorts are never stopped 
for cleaning or any other purpose. The yield 
of ammonia is trijde that of any retort previous 
to Young and Beilby’s. 

The temperatures of the flues around the 
Henderson retort, determined AAuth the F4ry 
radiation pyrometer, are, near the bottom of 
the brick part, IGOO^C. (1832'’F.), near the 
top of the brick jjart 850°C. (1.562°F.), and 
in the oven of the metal part G70°C. (1238°F.). 
The tomporature.s used in the Bryson are much 
higher. 

The products of retorting are crude oil, fuel 
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K<T<R) aiuiuouia wiiter, and spent shale. The great 
hills of spent shale are a conspicuous feature in 
the shale districts. The spent shale of the 
retorte previous to Henderson’s 1873 patent 
contained 10-12 p.c. carbon and a large pro- 
portion of the sulphur. It gave trouble in the 
great heaps or bings by igniting spontaneously 
and burning quietly, giving off volumes of 
fumes containing SOo and HjS. The well- 
exhausted spent shale of the present day is 
free from that nuisance. The original shale 
contains 11 p.c. sulphur. 

The crutle oil of the r)]d vortical retorts was 
' 1 wh and tarry, sp.gr, 0 -880-0 -895. Henderson’s 
1873 retort produced a crude oil, sp.gr. 0-865- 
0-870, which yielded 21 p.c. more total products, 
all of improved quality, and contained 2i- p.c. 
more solid paraffin. The Young and Beilby 



retort gave a slightly increased quantity of 
crude oil and of solid paraffin. The Bryson 
retorts are worked at a high temperature to 
produce a crude oil of 0-880 sp.gr. rich in 
paraffin but somewhat difficult to roline. The 
present Henderson retorts are worked at a 
mild temperature to give a crude oU of sp.gr. 
0-808 and of good quality. 

Retort eomkmars , — The vapours are led first 
through a tubular tower in the pipes of which 
the water for the steam boilers is heated ; then 
through conden.sers. Many forms have been 
tried,' but the universal arrangement now is 
groat benches of 4-in. pipes, cooled by the 
atmosphere, and sometimes having a little water 
sprinkled (jver them. The pipes, 27 or 36 ft. 
high, are arranged vertically and fixed below 
in two rows into ()heKt.s, two dozen pipes for the 
clescending gases and the same number for tlie 
ascending, with arched connections at the top. 
There is’ about 100 lineal feet of this juping, 
or 100 cub. ft. of surface, for each ton of shale 
put through per day per retort. The water 
and oil condense separate from each other at 


once in a box called a separator and are run into 
their several receiving tanks. The gases pass 
from the condensers through scrubbing towers ; 
one or two in series of water towers to catch 
the ammonia, and one or two of oil towers 
(oil sp.gr. 0-850) to catch the last of the con- 
densable spirit. The gas is then caught by a 
fair which sucks the gases through the towers and 
condensers and pushes it forward to the retort 
flues where it is burned. The fan causes a 
suction equal to 6 
in. of water, and 
this vacuum passes 
back to the retort, 
being equal to -J— 2 
in. water at the 
retort exit. After 
burning in the flues 
of the retorts the 
products of com- 
bustion are passed 
off into the atmo- 
sphere by little 
chimneys at the 
top of the retorts, 
or are gathered 
into a common flue 
and taken to a tall 
chimney stalk. J. J. 

Coleman had a 
method of extract- 
ing gasolene from 
the perman ent gases 
by cold and pres- 
sure. It was ex- 
pensive, and has 
not been used for 
many years. The 
filling for the 
scrubbing towers 
now used is very 
various. 

The ammonia 
water distillation is 
carried out in 
column-stills (Fig. 

7), generally of 
circular section, 
and filled with a 
dozen or more 
trays. The feed 

water, after being -■ ■ ■ , 

heated in an ex- . - 

changer by the i z s j spset 

water, travels down ji'jQ, 7_ 

the column from 

tray to tray, while steam introduced at the 
bottom bubbles through each tray and liberates 
the free ammonia. Milk of lime is pumped 
into one of the trays near the bottom to release 
the fixed ammonia. The ammonia gases 

are led from the top of the still down to a 
‘ cracker box ’ or saturator containing dilute 
sulphuric acid, and into which oil of vitriol is 
■ ■ ■ thin stream, and the ammonia 

perforated lead pipes laid near 
the bottom. The bottom is sloped and the solid 
ammonium sulphate formed is swept into a 
well from which it is lifted by a steam injector 
and thrown into a conveying tub above, and the 
liquor lifted drains back into the cracker box, 
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wliilc the salt, after draining, is emptied into a 
liin. Here it drains or dries for a week before 
being ready for bagging for the market. The salt 
is now often ' i'’ ’ 1 from the satura- 
tor when it i ■ ■ rket at once. 

Acid Avater recovered from the acid tar of 
the oil refinery is saturated with ammonia in a 
somewhat similar manner’. The saturation has 
to be complete, so as to separate the impurities. 
The excess of ammonia which escapes is caught 
in a vessel at a higher loA'-el containing the next 
charge of acid. The basic tar rises to the 
surface carrying with it the arsenic and the iron 
oxide, and is used as fuel. The solution of 
ammonium sulphate requires to bo evaporated 
down. The oil of vitriol in the cracker box, 
provimi.sly described, requires diluting, and this 
solution is used. Any solution loft is evaporated 
down in a vacuum pan something like those 
used for sugar, and the salt is sent into a centri- 
fugal machine to dry it. 

The steam from the cracker boxes containing 
GO a and some HaS is passed into the shale 
retorts along with steam from the steam boUers. 

The spent water has a strong smell and 
dark colour. It is pumped up and distributed 
over the hot spent shale on the bing whore 
some is evaporated and the rest is filtered and 
lAassos off at the bottom of the heap, clear, 
colourless, and almost free from smell. Other 
dirty water is clarified in the same way. 

In Germany there are a dozen broAvn coal, 
distillation Avorks, all in the Halle region. Over 
a millicm tons are distilled annually from 
1300 r of ' . ■ ’i '■ r."' ' ■ s of crude oil, 

sp.gr. 0 i", . paraffin Avax. 

The burning oil, sp.gr. 0’825-0’830, requires 
special l)iu’nors, and ranch is noAv used for 
internal combustion engines. The heavier oils, 
called yelloAv oil, red oil, and paraffin oil are 
used for internal combustion in Diesel engines, 
and for gas making, gas enriching, and liquid 
fuel, and not much for lubricating. The retorts 
used (Tig. 8) are vortical and of circular section. 
The outer Avail is of lirebriek surrounded by 
heating flues. The inner wall is formed of iron 

ringsb ■ ’■ :f-, ■ Avith opening.? 

botAVc ■ ■ . . ■ ! ■ ■ . 33 doAvn con- 

tinutmslyin the space betAA'-eenthe iron rings and 
the bride Avail, and the central tube formed by 
:hf' vc.- i.i'.d of.-riesoff towards the con- 

<1 ; ;ic o • ■diic; • (r' tiistiUation. The retorts 

, ry i:i .V cyk'.-.d'.-r 16i ft. high and 6^- ft. 

Avide pul- ' b '- ’.iv!. tens of broAvn coal in 24 
hours, 'lb.: clone by coal, by gas, 

or by a i '- 1 .i i !;. 

In Trance shale is distilled in three oihvorks, 
one at Autun (Sadno-ot-Loiro) and two at 
Druxierc-les-Minos (Allier). 160 retorts arc in 
operation, distilling 150,000 tons yearly, and 
producing 2,440,000 gallons crude oil. The i 
ncAver retorts are of the Young and Beilby 
tyj)e. The yield of crude oil is about 17 gallons 
to the ton, sp.gr. 0'912, and contains less than 
.3 p.c. paraffin. The crude oil is difficult to refine, 
and the burning oil is rather poor in quality, 
ff’ho gas oil is in large proportion. The lubricat- 
ing oil, hoAvover, is of very good qualitjn The 
ammonium sulphate varies from 13 to 22 lbs, 
per ton. T’wo companies turn out coal from 
the shale mines and the other one Avorks torbanito 
to sell to the gasAvorks ; none work shale alone. 


In Australia little shale is being distilled at 
the present time ; but tAvo large companies are 
erecting retorts and refineries in Nbav South 
Wales, about 130 miles from Sydney. From the 
mines are to be got shale, torbanite,'and common 
coal. The mining is mo.stly done on the long- 
Avall system, and no exxjlosives used. The shale 
expands Avhenever the pressure is removed 
from it, and when undermined by the pick it 
soon falls doAvn in pieces. 

IT. TM refinery ■ ■ distillations 

Avith fractionation ' ■ ' ■ . products ; 

treatments Avith oil of vitriol and caustic 



Tig. 8. 


soda ; the recovery of the chemicals and 
the preparation of the tars for liquid fuel; 
cooling and refrigeration of the heavy oil, and 
filter-pressing to separate the liquid from the 
solid ; and thcj sweating of the paraffin for its 
refining. Associ.atod with the refinery is the 
despatch department with the oil-filling into 
barrels and raihvay tanks. 

The stills are built in great benches with 
roAvs of high tank.s built on roundels of circular 
brickwork, from Avhich the oil floAvs by gravita- 
tion into the stills, and roAvs of tanks ait a low 
level to receive the distillates. The system used 
by all the works is Henderson’s continuous 
proces.s (.see Tig. 9) or a modification of it. 
There are cylindrical boiler- ^ ’y-'-i- 1 

each other, or sometimes ■■ . , 

for the crude oil, connected together into a 
series through which the oil floAvs continuously, 
'distilling off a fraction from each still, and 
venting finally into one of a group of residue 
stills. By means of a pipe Avithin a pipe the 
oil floAving from the charging tank is heated by 
the vapours di.stilling from the .second boiler of 
the serio.s, and is landed hot inside the front of 
the first stiU. It travels from front to back. 


97 




■U 


i 


PARAFIIN. 


distilling ofl the lightest oil, which is condensed 
in a worm tank condenser. The oil not distilled 
is taken by a pipe and landed inside the front of 
the second still of the series, and it travels from 
front to back distilling off a second and heavier 
fraction ; and on it goes through other boiler 
stills it may be, until at last the residue oil is 
passed into a still with pot-shaped cast-iron 
bottom. Tb<- im ’ i-fi-''!- 1,. ! connected 

has afire eppii'.-.i .'ri'.. .-om' p d t hrough the 
still until all the air is blown out, so as to prevent 
explosion. Then the oil from the last boiler still 
is run in for some hours until the residue still is 
sufficiently loaded when the oil is shut off from 
this still and turned into another one. The 
disconnected still is then distilled to dryness 
and coked. There are safety valves on the 
residue stiUs in case the condenser should choke 
up with soM paraffin. At fi'---^ 1 - .. . 

were suspended near the bott ■ , ’ ■ ■ , 

boiler stills to cateh any coke or dirt in circula- 
tion; but these have been long disused. In 
all the distillations steam more or less super- 
heated is passed into the distilling oil as it lowers 
the boiling-point and helps to carry the vapours 
over into the condensers. The first or crude oil 
distfilation is meant to be to some extent a 
destructive one. If the chemical treatments I 
with acid and soda were given d.irect to the 
crude oil the loss would be great ; or if too much 
steam is used the oil distils over unchanged 
with the same result. So the steam is limited 
for the first distillation and also near the end of 
the second; but for the third chstillation 
of the heavy or lubricating oil excess of steam 
is used ; it helps to keep the viscosity of the oil 
high. In the lubricating oil distilfation also 
dry caustic soda is put into the stiU, 2-5 lbs. per 
100 gallons of oil. The condensers are cods of 
pipes laid in square iron tanks, carrying the 
vapours downwards, and cold water is passed 
into the bottom of the tank outside the pipes 
and overflows hot at the top, and the flow of 
, , ^-1 volatility and 

■ ! distillate. The condensed 
■ ■ ■ ■ bottom of the condenser is 

■ ' ■ . . , -bend of 8 in. depth on its 

way to the receiver, but before the bend a pipe 
rises vertically to take away the gases to prevent 
them being disagreeable or dangerous at the 
worm end. The gases used to pass into the 
atmosphere some yards up, now they are all 
caught and used for fuel or illumination. They 
are very rich and, from the second distillation 
especially, very pure. At coldng of the residue 
stills and approaching the coldng, torrents of 
permanent gas containing some light spirit are 
given_ off. Each works had its own method of 
catching the gases. In Henderson’s system 
the gases are caught by a suction pump through 
a lute in a main common to a whole bench, the 
suction being --it • - . , ' ' regulated so as not 
to suck air ■ , ■ . the bend of the oil 

exit. 

In the first distillation many residue stills 
are required, in the later ones the distillation is 
mostly done in the boiler stills. 

Fivst distillation. — The crude oil is some- 
times distilled from ’ ’■ boiler stills 

of this section (Fig. . ■ , i horizontal 

cylinders 7 ft. diameter by 19 ft. to 9 ft. by 
30 ft. are used, the charge being 200-4000 gallons. 
VoL. IV. — T. 


The boiler stills are connected sometimes two in 
a series, sometimes three ; or occasionally a 
centra] charging stiU .supplies a boiler still, 
or even two, at each side. In ail cases 
the tails run to residue stills. When two 
boilers are in a series, the distillate of the first 
is 0-760-0-770, of the second is 0-820-0-S50, 





while the third in the series, the residue still 
runs from 0-850 or so when first connected to 
0-930 or higher at the end of the distillation. 
At the end of the residue still distillation there 
comes over a yellow viscous product called still 
grea.se or chrysene which is used for grease 
making, or for liquid fuel. 

For an output of 60,000 gallons a day 
4 or 5 boiler stiUs are reqxiired for the crude oil 
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distillation with about 22 residue stills of 2000 
- 7 each. Thereaiduestillsarecon- 

! ■; hours each before disconnecting 
to distil to dryness. The still coke is copious 
and valuable. 

The distillate of the first boUct still is kept 
apart as r/reera naphtha, the distillates of the 
others, boiler stills and residue stills, are generally 
run together as green oil. 

Treatments. — The green naphtha gets 2 p.o. 
oil of vitriol and is stirred mechanically, the 
black tar settled and run off, and the oil is run 
off into another vessel where it gets stirred with 
about 1 p.c. of caustic soda solution of l-3_sp.gr. 
The naphtha is then ready for another distilla- 
tion -with steam alone, and after that it is colour- 
less, but generally gets another treatment with 
acid, J p.c., and caustic soda and a finishing 
distillation, to improve the smell. Distillates 
are sometimes separated as light as 0*660, but 
the usual gravities are between 0*700 and 0*750, 
0*700-0*720 being sold as motor spirit, and the 
higher gravities for solvents, &c. 

The green oil, sp.gr. 0*855, gets a 2 p.c. 
treatment with oil of vitriol, the black tar settled 
and separated and the oil run into another 
vessel, where it gets 1 p.c. of caustic soda solu- 
tion, and after settling and running off the tar, 
it is ready for another distillation. AU the 
stirrings, except for the naphthas, are done by 
compressed air. The green oil is stirred with 
the chemicals in large vessels, 30,000-4:0,000 
gallons capacity, cylinders on end with cupped 
bottom into the centre of which the air is 
pressed. In the later stirrings the vessels are 
sometimes horizontal cylinders with the air 
distributed along the whole length of the bottom. 
After the stirrings the vessels are closed tight 
and the air pressure put on the surface to send 
the oil up into the charging tanks for next 
distillation. Sometimes the oil is pumped up. 

The secowl or green oil distillation. — ^For a 
50,000 gallons a day of crude oil, five boiler stills 
are required, two receiving the charge and the 
other three in series, and the tail to residue 
stills of which there may bo ton or more. 

1. The distillate of the two charging stills 
is about 0-800 sp.gr. It requires i* p.c. oil of 
vitriol and caustic soda, and a final distillation 
before the finishing treatment. 

2. The second boiler in the series has sp.gr. 
about 0-815. It sometimes gets two treatments 
of J p.c. oil of vitriol and caustic soda and two 
distillations before it i.s ready for the market, 
sometimes only one treatment and distillation. 

3. The third boiler distillate is about 0*840, 
and after the paraffin is extracted is ready for 
market as gas oil or fuel oil of 0-850 sp.gr. Some- 
times it is treated and distilled rvith finishing 
treatment for intermediate products. 

4. The fourth boiler cli-stihate and the dis- 
tillate of the residue stills run together, give 
heavy oil containing paraffin, which, after 
separation of the solid paraffin as afterwards 
described, is blue oil. This gets 1 p.c. oil of vitriol 
and caustic soda, and is distilled again and 

fractionated into tl ■ ‘ ■ ■; “ lubricating 

oil, ap.grs. 0*86.5, .'i, ", : . 0*895 when 

the paraffin is again extracted after chilling to a 
very low temperature. The blue oil distillation 
is sometimes carried out at once in 5000 gallon 
pot-stiUs (see Fig. 10) with dry caustic soda and 


excess of steam, sometimes it gets a concentru ■ 
tion by passing through two boiler stilJa and tlu- 
residuo distilled in the pot stills with cauHtiu bocIu. 
The crude oil anti 
green oO. residue stills 
and often the lubri- 
cating oil stills are as 
.shown in Fig. 11. 

Different works have 
somewhat different 
distilling arrange- 
ments and treat- 
ments, and even the 
same works is always 
changing somewhat 
to suit circumstances. 

Finishing treat- p’lo. p). 

ments. — Burning oil 

is treated with i inc. oil of vitriol and weak 
caustic soda solution of about 1-04 sp.gr., :uid 
after settling with a little caustic soda Kolulion 
of 1*33 sp.gr. is filtered through a filter ptesH 
with paper instead of cloth. It is nearly water- 
white. 

The heavy oils are treated with 2-4 p.c. oil 
of vitriol according to gi-avity, are setilisi all 
night, then finished with solution of sodium ear- 
hona’te,.as w-eak caustic darkens heavy oil, and 
after settling bright pumped to the filling lanloi. 
It sometimes requires two or more days to sotth* 
the heaviest lubricating oils to brigbtm-.ss, and 
■ -'.'thod has been tried for rapid 

• . - the sodium carljonate far is 

run off, open steam is blown in unlil boiling 
freely through the oil, then settled— -and it 
settles rapidly at the high temperature— and 
the soda water is run < ■“ . - "iimlly, air 

is blown through the . . ■- - is bright. 

The soda tar of the finishing treatments is 
white. 

The vitriol tar is washed, -with hot water, 
stirring the mixture with air and settling. 'I’liis 
is done twice. The water seizes tlu; sulphuiio 

gji! ip 


Fig, 11. 

acid, and sets free the tarry bases. 'J’Ik-hc. are 
settled free from water, and ljunual undfu* 
the boiler stills, &c., sprayed with Hupcrlieated 
steam. The recovered acitl is Kent to tlm 
sulphate house to get saturated with ainmortia 
as aln-ady dcscriljcd. 

Separation of the .solid paraffin. — One iiief iiod 
is : The heavy oil containing solid parallin 
is air-cooled in shallow tanks in covered hIkuIh 
open to the wind, and in long cylinders with an 
inside stirring paddle. After this it is trans- 
ferred to a cooler winch is a tank divided into 
6-in. wide spaces for the paraffin mass by 
1-in. partitions containing circulating brinci of 

calcium chloride from r” f ,a -, 

machine. The chilled’ ' . ■ _ - : - 

from th(i partition by ■ ' ■ vi- ' • ' I’he mass 

lies in the cooler, ir ■ ■ . ■ or 6 houns, 

in second cooling from j2-i:u nours, according 
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After being broken up by a mechanical 
stirrer the mass is passed with considerable 
pressure through filter presses. The cakes of 
paradin scale dropped from the filter-presses 
sometimes after melting up and recrystallising 
are sent direct to the sweating stoves without 
pressing in hydraulic plate presses. In other 
cases it is plate-pressed to separate the last of 
the oil. 

Another method is : The mixture of heavy oil 
and paraffin is cooled in a tower by air current, 
then passed into a long vessel containing a 
stirrer where it is cooled by a cold-water jacket, 
afterwards passed into a cooler with stirrer 
where it is chilled by a jacket of the cold oil from 
the filter presses, then at last into a tube which 
inay be vertical or horizontal, 17 in. diameter, 
with a scraper inside surrounded by a wider 
‘ :l ammonia gas which is 

■ ’ ■ ■ , ■ the vacuum of a suction 

' I'-- ' . ■ • paraffin mass thus gets 

the final refrigeration and passes under high 
pressure from a pump direct to the filter -presses. 
The ^ separated oil on its way out chills the oil 
coming in as stated and passes to a tank to 
bo worked up for lubricating oh.. The solid 
paraffin falling from the filter presses is broken 
nil and conveyed by archimedian screw into the 
plate-press house, where it is pressed in cloths 
in hydraulic presses, and the last of the oil 
expelled. After tliis the paraffin is ready for 
sweating. 

Tliis_ direct r jgld is more 

economical of ■ ■ power, and 

although gradu; o. ' 1 ^ -as much as 

possible, yet the sudden drill at the end causes 
some paraffin to separate in the amorphous 
state, and more filter presses are required than 
mth the more gradual cooling with the brine. 
The brine-cooled paraffin is more crystalline, 
and therefore the liquid separates from the solid 
much more readily in the filter presses. 

Paraffin i.s refined by a sweating process. 
Cakes of paraffin made by cooling and crystallis- 
ing tho melted solid are heated up gradually, 
when the oil and soft paraffi n sweat out carrying 



Fig. 12. 

the colouring matters along with them. N. M. 
Henderson’s method is the only one used in 
Scotland, and it is in general use over all the 
world (see Fig. 12). In a great oblong chamber 
are built nine tiers of iron trays, in two stacks, 
malcing 18 trays in all. They are fi in. deep, with 
a wire gauze shelf fixed 2 in. above the bottom. 


The trays are first filled with water up to the 
level of the wire-gauze shelf from a pipe at the 
end, which has a cock to each tray ; then 2 or 3 
in. of liquid paraffin are run on the top of 
the water. The great end doors of the chamber 
are open, and large apertures in the roof so that 
cooling takes place by natural draught. Some- 
times artificial wind from a fan such as is used 
for mines is applied. When the paraffin is 
cooled and solidified, the water is run ofi from 
below, leaving the great cakes lying on the 
gauze shelf. By turning a large screw the trays 
are slightly tilted to help the draining. The 
doors are shut, and spent steam from pumps and 
engines is turned into heating pipes ranged up 
the sides of the apartment, and the temperature 
gradually rises. The oil and softest paraffin 
gradually drain out from the hard crystals, and 
blio sweatings are fractionated into receivers 
according to setting or solidifying 
point and colour. When sufficiently pi — pi 

sweated, live steam is turned on to i 

pipes which support and separate 
the trays, and the refined wax is 
melted and run out into its ovm 
tank. Semi-refined wax is got by 
one sweating, and a repetition of 
the sweating produces refined wax; 
sweating in itself being sufficient. 

But sometimes the refining is 
finished by melting the semi-refined 
wax, mixing 33 p.c. of spirit of sp. 
gr. 0*736, cooling into cakes and 
pressing them, folded in cloth, in 
hydraulic _ plate presses. The ex- 
r ' 1 ■ ■■ ■' /all colour. 

' ' . ■ : moved by 

steaming. Sweatings are themselves 
sweated at a lower temperature to 
get low melting-point waxes. 

N. M. Henderson has adopted e ■■•■== a 
another method of sweating (see 
Fig. 13). The plant is cheaper, ® 
easier to erect, and more economical 
of space, and it gives a more 
thorough separation of oil from T W/ 
paraffin and a larger yield of 
finished wax. A cylinder 7 in. 
diameter is fixed concentrically ^Tig. 13. 
ivithin another of 17 in. diameter. 

Both are of thin iron, 9 ft. long, and fixed 
vertically. The centre one is open to the air, 
both at top and bottom. The outer one has a 
bottom with outlet pipe and cock, and also a 
false bottom a few inches up. Around the inner 
cyhnder there are three plies of wire gauze. 
Water is run into the cell up to the false bottom, 
and the ceU then filled with melted paraffin. 
After cooling in the same manner as the tray 
stoves, the water below is run off, and suction 
is applied to the bottom of the cells by a steam 
injector on the exit pipe common to a row of 
cells. The doors are shut and steam put on 
pipes laid below, and the sweatings find their 
way through passages formed at once by the 
heat among the layers of gauze. It has been 
proposed to expedite the operations by taking 
the chilled cakes falling from the filter presses, 
breaking them up and transferring at once 
to the cells, where the oil is sucked away 
before the cold paraffin reaches the atmospheric 
temperatures. The oil is free from dissolved 
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paraffin. This saves the time and expense of 
melting up and recrystallising. 

A double stove of IS trays takes a charge 
of about 16 tons, into the .same space 144 cell.s 
are placed to hold more than twice the amount 
of paraffin. 

In every case the final process is stirring 
the melted paraffin with 1 or 2 p.c. char (got from 
fclxeold method of cyanide making) for 16 minutes, 
then at once, without settling, x^'^mping the 
mixture first through a cloth lilier-pre.ss, and 
then through one mounted with filter paper. 
These catch the char, and the wax hs ready to 
run into cakes for the market, or direct into 
the candle-house tub. Long contact between 
char and wax is to be avoided for soon the melted 
wax begins to take up the colour again. The 
char retains a proportion of wax. 'J’his is 
recovered by a still like a Soxhlet apparatus on 
a large scale. If the paraffin is thorongMy 
washed out, the char, when retorted, is as good 
as at fiast ; but ^ p.c. of paraffin left in spoils it. 

Two of the refineries have candleworks. 
They supply some wax to other candlemakers, 
but they also buy much foreign wax to convert 
into candles besides the bulk of their own 
production. 

Two of the refineries make oil of vitriol for 
their own use. All recover sulphuric acid from 
the vitriol tar and use it for making ammonium 
sulphate. They also recover a piroportion of 
the soda they use. 

There are rows of tanks to stock all grades 
of oil, especially vast tanks to store burning 
oil for winter use, and Admiralty fuel oil, and 
they ate connected by pipes with taps in the 
filling houses to run the oils into barrels or 
railway tanks, or into drums, or tins for cases. 

There are tradesmen’s shops, wherever 
needed for mines or worlcs, for smiths, fitters, 
joiner, s, plumbers, &c., and also saw-mills, 
steam-hammers, box-maldng machinery, and 
other necessaries and conveniences. About 
1 0,000 men in all are employed. 

The history of retorting, with many figures, 
is given by iWby (J. Soc. Ohem. Ind. 1897, 
876) ; and in the same journal, 1897, are described 
the more modern retorts (Henderson, 981 ; 
Crichton, 988 ; and Bryson, 990). Refining is 
described (•!. Soc. Ohem. Ind. 1889, 100) with 
continuous distillation, &c. 

PARAFFINIC ACID Ca^H^^COOH, was ob- 
tained by Pouohet (Bull. Soo. chim. [ii.]23. 111) 
by oxidising solid paraffin with nitric acid ; m.p. 
45°~47T 

PARAGUAY TEA or YERBA DE MATE, 

commonly known as MaU, or Jesuits’ or St. 
Bartholomew’’ s tea, consists of the dried loaves 
and shoots of Ilex faraguensis (A. St. Hil.) (an 
evergreen related to the holly) and other small 
trees of the same genus, growing m the mountain 
woods (known as Yerboies) of Southern BraKil, 
Argentina, and Paraguay. It is also grown in 
plantations and is now used as a common 
beverage by over SO million of the inhabitants 
of the South American republics, but has not 
yet gained favour in Europe, although its use is 
increasing, especially in Franco. 

T’ho trees are usually about 15 feet high, but 
occasionally attain a height of over 30 feet. 
The leaves are from 4 to 6 inches long, lanceo- 
late, with finely serrated margins, and slightly 1 


obtuse ape.x. The midrib and its branches (the 
so-called ‘veins’ or ‘nerves’) are very pro- 
minent on tho under side of the leaf. As in 
ordinary tea, tho ' veins ’ meet before reaching 
tho margin, and the stomata, which are nearly 
circular, are very numerous. 

In the preparation of mate, whole branches, 
together with the twigs and leaves, are cut down, 
dried and roasted on iron gratings over a wootl 
fire until tho proper flavour is developed, then 
beaten with sticks and the fragments of leaves 
and twigs roughly ground to a very coarse 
powder to form the Yerha de Palos of the 
Spaniards or Gaa-Guaza. Other and sux'Jcrior 
grades known on the South American markets 
are Caa-Guys, derived from tho young leaf- 
bud.s, and Gaa-Miri, which consi.sts of the ini- 
roasted leaves freed from their tough fibrous 
veins and midribs. 

The infusion is made by pouring boiling water 
directly into the cupi containing a quantity of 
mate ivith a little sugar and sometimes lemon- 
juice, and is imbibed while very hot through a 
bombilla or tube perforated at the bottom or 
provided with 'wire gauze to prevent the passage* 
of solid particles of the tea. 

It is said to have valuable restorative 
qualities after violent or prolonged physical 
exercise, due no doubt in part to the presemee 
of caffeine or theine wliich, however, is present 
in smaller proportion than in ordinary tea(y.w.), 
but its effect is narcotic rather than stimulative. 
It also possesses mildly aperient and diuretic 
Xiroperties. 

The amount of caffeine found in mate by 
different observers varies greatly, but tru.si- 
worthy analyses do not show much more than 
1 p.e. The proportion of tannin is also srriall, 
being about ].'5 i>.c. on an average, and in this 
respect mate is claimed to have an advantage 
over ordinary tea, as well as from the fact that 
it is less affected by variations in climatio fson- 
ditions. The tannin is peculiar in character, 
as it docs hot precipitate potassio -tartrate of 
antimony nor tan leather. J. G, 

PARALACTIC ACID v. Lactic Acid. 

PARALDEHYDE v. Aldehvde. 

PARAMOL (o - amino - m - hydroxylbenzyl 
alcohol), C„H,a(OH)(CH 20 H)NHa, is a photo- 
graphic developer, tho action of wliich is inter- 
mediate between the developers of the phenol 
class and the araidophenol class (Eiohengriin, 
Zeitseh. angew. Ohem. 1901, 14, 1070). It is 
soluble in 12 times its weight of water, gives a 
bluish negative, and can be used for negatives, 
Xjositives, and papers (Jahr, Brit. J. Photogr. 
1902, 49, 32). ... 

PARANEPHRIN v. Synthetic Binras. 

PARAPHENYLENE BLUE. Tliis dye comes 
into commerce in three shades, which are desig- 
nated respectively G, R, and B. They belong 
to a class of dyes obtained (according to Eng. 
Pat. 10134, of 1886) by heating paraphcnylene- 
diamine (or it.s homolognes) with certain amino- 
azo- compounds — e.g. aminoazobenzone. 

Paraphenylene blue R dissolves easily in water 
with a reddish-blue colour. Hydrochloric acid 
produces no change in tho aqueous solution ; but 
S'.'dicm h;. h o >.■().,■ ic '-.f.'h-he’ypreciijitate.sthe dye 
in i.' -.: e riar!;- xjrccixhtate. Tannic 

acid, in presence of sodium acetate, yields a blue 
precipitate, and the liquid is rendered colourless. 
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The boiling aqueous solution yields a black pre- 
cipitate with potassium dichromate. The reactions 
shown by the other shades are similar. On wool, 
paraphenylene blue dyes direct in presence of 
a small quantity of acid. On cotton it is fixed 
by means of tannin and tartar emetic. The 
shades obtained resemble those produced by 
methylene blue. When chromed after dyeing 
the shades become considerably darker (J. Soc. 
Chem. Ind. 7, 561). 

PARAROSOLIC ACID v. AtrEiN. 

PARAXANTHINE, 1 ; 'J -dimethyl-2 : 6-dioxy- 

. NMe-CO-CJ-NMe\ 

punne | || w'as discovered by 

CO-NH-C W 

Thudichuin (Ann. Chem. Med. 1879, 1, 163 ; 
Compt. rend. 1888, 106, 1805' • ■> , 

by Salomon (Ber. 1883, 16, ■ , .■ , 

of Avhich it is a normal constituent, and occurs 
to the extent of 1-3 grm. per 10,000 litres 
(Salomon, Virchow’s Annalon, 1891, 125, 554; 
Salomon and Kruger, Zeitsch. physiol. Chem. 
1898, 24, 364) ; and it is found together -with 
other methylxanthines in the urine of dogs and 
rabbits that have been fed with caffeine (Kruger, 
Ber. 1899, 32, 2818, 3336). 

Paraxanthine can be prepared synthetically 
from theobromine (3 : 7-dimethylxanthiue) by 
the following series of reactions : theobromine 
is converted by the action of phosphoryl chloride 
into ■ 7' ■’ ’ ; this on treat- 
ment , nd subsequent 

methylation yields 2-chloro-6-oxy-l : 7-dimethyl- 
purino, which is converted into paraxanthine 
by heating ■with hydrochloric acid (sp.gr. 1-19) 
at 125°-130° (Fischer, Ber. 1897, 30, 2400). 
Paraxanthine can also be prepared by reducing 
with hydrogen iodide and phosphonium iodide 
8-chloroparaxanthine obtained from 1 : 7-di- 
methyluric acid by the action of phosphoryl 
chloride at 135°-140° (Fischer and Glemm, Ber. 
1898, 31, 2622) ; or by the action of boiling water 
on 8-chloro-3-ohloromethylparaxanthine ob- 
tained by heating caff'-' ■■ 

chloride and phosphorus ^ ■ s 

162° (Fischer and Ach, ibid. 1906, 39, 423). 

Paraxanthine crystallises in six-sided mono- 
clinic plates, m.p. '298°-299° (corr.) ; in some 
preparations the crystals become cloudy or 
whitish at 110°, owing to loss of water of 
ory.stallisation, whilst others, isomorphous -with 
them, remain bright (Salomon, ibid. 1883, 16, 
195 ; Chem. Zentr. 1884, 490 ; Zeitsch, physiol. 
Chem. 1890, 15, 319). Paraxanthine is insoluble 
in alcohol or ether, dissolves in hydrochloric or 
nitric acid, or in ammonia ; it is sparingly soluble 
in cold, more readily so in hot, water ; at 40*1° 
1000 c.c. of water or 1000 c.c. N/IO hydrochloric 
acid dissolves 1-06 and 1'17 grm. of paraxanthine 
respectively ; the aqueous solution is neutral, 
and the basic dissociation constant is 3-29 X 10~^^ 
(Wood, Chem. Soc. Trans. 1906, 89, 1842). 

T’- ’ action on frogs para- 

xanthine, theobromine, 
or calteine, attccting the central nervous system 
and the muscles, and producing creeping move- 
ments, then the disappeai’ance of all S])ontaneous 
activity and complete abolition of reflexes ; the 
lethal dose is 0-j 5-0*2 per 1000 of the body 
weight. On mice the drug produces paresis of 
the hinder extremities, increase of reflex 
activity producing tetanus, the lethal dose is 


2-4 times as large as for frogs (Salomon, Zeitsch. 
physiol. Chem. 1889, 13, 187). Paraxanthine 
acts as a diuretic when administered to rabbits 
(Ach, Chem. Zentr. 1900, ii. 688), and is excreted 
partly unchanged and partly as 1-methylxan- 
thine (Kriigcr and Schmidt, Ber. 1899, 32, 2677). 

Salts. (1) With bases : sodium salt 

C7H70s,NiNa3,4H20, 

sparingly soluble crystalline compound, melts 
above 300°; the corresponding potassium salt 
has a higher melting-point (Salomon, ibid. 1883, 
16, 195). (2) With acids : the hydrochloride. 

C,H 802 N 4 *HC 1 ,H 20 forms rhombic plates, dis- 
sociates in aqueous solution and loses HCl and 
H 2 O at 100° (Pommerehne, Arch. Pharm. 1898, 
236, 105) ; the picrate forms a yello'W crystalline 
precipitate, decomposing in aqueous solution; 
the nitrate is unstable. (3) Double salts : with 
mercuric chloride, colourless prisms, meltmg with 
partial decomposition ; the aurochloride 
C^HgOaN^.HAuCl^.l-HoO, 
orange-yellow needles, m.p. 227°-228° ; the 
platinochloride (C,HsN 402 )o,H 2 PtCle,H, 0 , 
orange crystals belonging to the anorthic system 
(Pommerehne, l.c. ; Kruger and Salomon, 
Zeitsch. physiol. Chem. 1898, 24, 364). 

Derivatives. S-Chloroparaxanthine, m.p, 295° 
(corr.), soluble in 170 parts of hot wuter, crystal- 
lises in prisms ; the sodium salt is sparingly, the 
potassium salt more readily .soluble (Fischer and 
Clemm, Ber. 1898, 31, 2622) ; it reacts with 
amines to form th '■■ ' amino com- 
pound, and the ; ■ ammonia, 

mono- and' di-methylamine and aniline are 

described 't?--’-— ' Sohne, D. R. P. 

156901). ■ ■ C,HioON4,H20, 

obtained by the electroi 3 dic reduction of 
paraxanthine, decomposes at 250° (Tafel and 
Dodt, Bor. 1907, 40, 3752), and is readily 
hydrotysed on heating with lijulrochloric acid 
forming “ ’ ’ ' 

\ \ ■ 

lone hyctrociiLoride I 

CO- — 

(Tafel and Mayer, ibid. 1908, 41, 2546). 

M. A. W. 

PARCHMENT. Purchemin (Fr.) ; Perga- 
ment (Ger.). This writing material has been 
known since the earliest times, but is now made 
in a manner very superior to that by wMch it 
was anciently prepared, as we may judge by in- 
spection of the ohl vellum and parchment manu- 
scripts. The art of maldng parchment consists 
in certain manipulations necessary to prepare the 
skin.s of animals of such thinness, flexibility, and 
firmness as may be required for the different uses 
to which this substance is applied. Though the 
skins of all animals may be converted into 
writing materials, only those of the sheep or the 
she-goat are used for parchment ; those of calves, 
kids, and still-born lambs for vellum ; those o f 
the he-goat, she-goat, and wolves for drum-heads ; 
and those of the ass for battledores. All these 
skins are treated in the same way, with slight 
variations, which need no particular detail. 

They are first of all prepared by the leather- 
dresser. After they are taken out of the lime- 
pit, shaved, and well washed, they must be set 
to dry in such a way as to prevent their puckering 
and to render them easily worked. The small 
manufacturers make use of hoops for this pur- 
pose, but on the larger scale a herse or stout 
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wooden frame is employed. This is formed of 
two uprights and two cross-bars solidly joined 
together by tenons and mortices so as to form a 
strong piece of carpentry, which is to be fixed 
against a waU. These four bars are perforated 
all over with a series of hole.s of such dimensions 
as to receive slightly-tapered boxwood pins truly 
turned, or even iron, bolts. Each of these pins 
is transpierced with a hole like the pin of a 
violin, by means of which the strings employed 
in stretching the sldn may be tightened. Above 
the 1ms<i a shelf is placed for receiving the tools 
which the workman needs to have always at 
hand. In order to stretch the sldn upon the 
frame, larger or smaller skewers are employed, 
according as a greater or smaller piece of it is to 
be laid hold of. Six holes are made in a straight 
line to receive the larger, and four to receive the 
smaller skewers or pins. These small slits are 
made with a tool like a carpenter’s chisel, and 
of the exact size to admit the skewer. The 
string round the skewer is affixed to one of the 
bolts in the frame, which are turned round by 
means of a key like that by which pianos and 
harps are tuned. The skewer is threaded 
through the sldn in a state of tension. 

_ Everything being thus prepared, and the 
skin being well softened, the workman stretches 
it powerfully by moans of the skewers; ho 
attaches the cords to the skewers, and fixes their 
ends to the iron pegs or pins. He then stretches 
the sldn, first with his hand applied to the pins, 
and afterwards with the key. Great care must 
be taken that no wrinkles are formed. The sldn 
is usually stretched more in length than in 
breadth, from the custom of the trade, though 
extension in breadth would be preferable, m 
order to reduce the thickness of the part opposite 
the backbone. 

The workman now resort" o . . i- ^ _ 
It is a semicircular, double-e . i . . • . . ' • 

in a double wooden handle. “Other forms of the 
fleshing-knife edge are also used. They are 
sharpened by a steel. The workman holds the 
tool in Ms two hands so as to place the edge 
perpendicularly to the sldn, and, pressing it care- 
fully from above downwards, removes the fleishy 
excrescences and lays them aside for making 
glue. _ He now turns round tho Icrse. upon the 
wall, in order to get access to tho outside of the 
skin and to scrape it with the tool inverted, so 
as to run no risk of cutting the ef)idorrais. He 
thus romove.s any adhering filth, and squeezes 
out some water. The sldn must next be ground. 
For this purpose it is sprinlded upon the fleshy 
side with sifterl chalk or slaked lime, and then 
rubbed in all directions with a piece of pumico- 
stono, 4 or 5 inches in area, previously flattened 
upon a sandstone. The lime soon gets moist 
from the water contained in the skin. The 
pximice-stonc is then rubbed over the other side 
of the^ skin, but without chalk or lime. Tins 
operation is necessary only for the best parch- 
ment or vellum. The sldn is now allowed to dry 
upon the frame, Ijcing carefully protected from 
sunshine and from frost. In the arid weather 
of summer a moist cloth needs to be applied to 
it from time to time, to preveirt its drying too 
suddenly, immediately after which the skewers 
require to bo tightened. 

When it is perfectly dry, the white colour is 
to be removed by rubbing it with the woolly side 


of a lambskin. But great care must be taken not 
to fray the surface — a circumstance of wMch 
some manufacturers are so much afraid as not 
to use either chalk or lime in the polishing. 
Should any grease be detected upon it, it must 
be removed by steeping it in a lime-pit for 10 
days, then stretching it anew upon the herse, 
after which it is transferred to the sc.raper. 

This workman employs here an edge tool of 
tho same shape as the fleshing-knife, but larger 
anrl sharper. He mounts the sldn upon a frame 
like the hersp above described ; but he extends 
it merely with cords, without skewers or pins, 
and supports it generally upon a piece of raw 
calfsldn strongly stretched. The tail of the skin 
being placed towards the bottom of the frame, 
the workman first pares off with a sharp knife 
any considerable roughnesses, and then scrapes 
the outside surface obliquely downwards with 
the proper tools tiU it becomes perfectly .smooth ; 
the fleshy side needs no such operation. ; and 
indeed, were both sides scraped, the skin would 
he apt to become too tMn, the only object of the 
scraper being to equalise its tMckness. What- 
ever irregularities remain may be removed with 
a piece of the finest pumice-stone well flattened 
beforehand upon a fine sand.stone. This process 
is performed by laying the rough parchment upon 
an oblong plank of xvood in the form of a stool, 
the xjiank being covered with a piece of soft 
parchment stuffed with wool, to form an elastic 
cushion for the grinding operation. It is merely 
the outside surface that requires to be pumiced. 
The celebrated Strasburg vellum is prepared 
with remarkably fine pumice-stone. If any small 
holes happen to be made in the parchment they 
must be neatly patched by cutting their edges 
thin and pasting on small pieces with gum- 
water. 

Another method of finishing the sMn is to 
subject it, after a final scalding, to a bath of 
lime-water, and then powder it on both sides 
with French chalk, the excess of which is 
brushed off when dry. Tho sldn is aftorw'ards 
wiped over with a wet sponge and, when again 
dry, is rubbed over with a piece of flannel 
(Brand, Eng. Pat. 1169S, 1893). Treatment 
with a bath of alum solution is said to prevent 
the ink soaking in and to make the parchment 
easier to use (Brand, ihid. 14384, 1894). 

Parchment is coloured green only. The fol- 
lowing is the process. In 600 parts of rain- 
water boil 8 of creara-of-tartar and 30 of crys- 
tallised verdigris ; when this solution is cold 
pour into it 4 parts of nitric acid. Moisten the 
parohment with a brush, and then ax)ply the 
above liquid evenly over its surface. Lastly, 
the necessary lustre may be given with white- 
of-e" ■ ; of gum arabic (Ure). 

p ‘ I-'V I' PAPER (vegetable 'parcJimeni) 

is a modified form of paper, resembling parch- 
ment, produced by the action of sulj)huric acid, 
zinc chloride solution or cuprammonium solu- 
tions on ordinary paper. 

Mamtfacture by tlie sulphuric acid process . — 
The sulphuric acid used should have a density 
of and may be prepared by mixing 

1 vol. of w'ater with 2 vols. of ordinary strong 
sulphuric acid of 66°B. It is important that 
the temperature should not exceed 16°C. (Hotter, 
J. Soo. Chom. Ind. 1896, 58). The paper may 
contain linen or cotton fibres, or both, but 
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regard miist be had to the fact that linen is not 
] g^g quickly as cotton. The 
*■ . Lhe original paper also affects the 

product in that a more porous paper absorbs 
the acid more readily and is more completely 
parohmentised and, therefore, more transparent. 
Beoause it is important for the acid to penetrate 
the fibre thick papers cannot bo parchmentised, 
and thick vegetable parchment is made by 
pre.ssing together two, three, or more sheets of 
thinner paper as they leave the acid bath. 
After they have been washed and dried it is 
found that they have become perfectly united. 

In the hand process the operator, wearing 
rublier gloves, dips the sheets of paper into the 
acid bath for the requisite time (2-15 seconds, 
according to the nature of the paper and of the 
product desired), and then throws them into a 
bath of water, from which they are passed 
through other wash-waters, one of which con- 
tains a small proportion of ammonia. After a 
final wash the sheets are dried under pressure. 

In the continuous process, a band of paper 
passes from a roll and under glass or lead rollers 
in the stoneware or lead tank containing tire 
acid at such a rate that it is immersed for the 
time chat previous experiment has shown to be 
necessary for its conversion into parchment. 
As it leaves the bath, it passes between rubber 
rollers, by winch the excess of acid is removed 
and returned to the bath, and then goes through 
various washing tanks, one of which contains 
a dilute solution of ammonia. The washing is 
made more complete by spraying the paper with 
water {see Arnold, Eng. Pat. 8130, 1886; J. 
Soc. Chom. Ind. 1886, (509). After washing, the 
parchment is dried by passage over heated, 
felt-covered rollers, and is finally calendered in 
the same way as ordinary papers (J. Soc. Chem. 
Tnd. 1894, 414 ; see also Wilbaux, Eng. Pat. 
17208, 1890 ; J. Soc. Chem. Tnd. 1891, 666). 

* Parchment paper is sometimes rather brittle 
when dry, and this is overcome by impregnating 
it with hygroscopic substances like calcium and 
— T -’-’-rides and glycerol (Eiohorn, 

.'ii’i I. 885; J. Soc. Chem. Tnd. 1886, 
■ has patented a continuous 
process in which the paper, before drying, passes 
through a bath of glvcerol (Eng. Pat. 8473, 
1892 ; J. Soc. Chem. Ind. 1892, 935). 

Vogfd'/able parchment may be made white 
and oi^aque and repellent to water by adding 
to the acid-bath white opaque pigments, e.(f. 
barium sulphate, and water-repeUent sub- 
stances, lilce mineral oils (Sacbsenroder, Er. Pat. 
362403, 1906 ; J. Soc. Chem. Ind, 1906, 713). 

Manufacture hy zinc chloride and cwpram- 
monium, methods. The preparation of parch- 
ment-paper by the action of a very strong 
solution of zinc chloride upon ordinary paper 
differs little from the above method, except that 
a longer time is required for the action, and the 
alkali bath is omitted from the washing. 

Cupramraonium solutions {v. Ooppeb) gelati- 
nise pa]}er in a similar way and when the product 
is dried by steam-heat it is green, owing to the 
presence in it of copper. 

Proper-lies and uses . — The action of sulphuric 
acid in pnrohmenting paper is to convert the 
superficial layers of cellulose into a gelatinous 
mass whioli fills up the interstices between the 
fibres of the paper and renders it practically 


impervious to gases and liquids. During this 
change the paper shrinks 10-30 p.c. in area and 
up to 80 p.c. in thickness, and shows a corre- 
sponding increase in sp.gr. of 30-40 p.c. At 
the same time its strength is increased three- or 
fourfold and the product has about three- 
quarters the strength of animal parchment of 
the same thickness. 

Good parchment paper is unaffected even 
by repeated soaldng in boiling water and drying, 
and can thus be distinguished from various 
imitation parchment papers which are made by 
coating ordinary paper with size, albumin, blood 
serum, &c., with or without added colouring 
matter, and are at once disintegrated by hot 
water. In addition to being waterproof and 
gas-tight, it is unaffected by cold acids and by 
caustic alkalis ; prolonged action of hot cone, 
hydrochloric acid, however, converts it into 
dextrin. 

It is not liable to mould when damp and 
resists the attaclis of insects, and thus possesses 
certain advantages over animal parchment. It 
takes dyes weU. 

It readily absorbs printers’ ink and writing 
ink, and these cannot afterwards be erased 
without serious injury to the parchment. On 
this account it is much used for the preparation 
of important documents. 

Vegetable parchment is also ■ used for 
wrapping tobacco, &o., for luting the joints of 
stills, for covering jars containing preserves, &c., 
and for paper-bags for cooking and steaming 
food. It has been manufactured and used for 
electrical insulation (London and Bailev, Eng. 
Pat. 12711, 1895 ; see also L. E. Andis, The 
Treatment of Paper for Special Purposes). 

PARIGENIN and PARIGLIN v. Sabsapa- 

BILBA. 

PARILLIN V . Glttcosides. 

PARILLINIC ACID v. Saesapabili,a. 

T) PARIS BLUE. This term is occasionally 
applied to Prussian blue, and also to the pro- 
ducts obtained by heating aniline with stannic 
chloride. 

PARIS GREEN. An aceto-arsenite of copper 
used as a pigment, and occasionally as an 
insecticide on plants. 

PARIS LAKE. Carmine lake v. Lakes. 

PARIS RED. A variety of rouge employed 
for polishine. 

PARIS WHITE. Whiting v. Paihts. 

PARIS YELLOW. Normal lead chromate 
V . Chbomittm. 

PARSLEY. Apiin, the glucoside of api- 
genin, is found in the leaves, stem, and seeds 'of 
parsley {Oarum [Apium] Petro.ielinum [Benth. 
and Hook]) (Rump, Bechner’s Repert. f. 
Pharm. 1836, 6, 6 ; Braconnot, Ann. Chim. 
Phys. 1843 (iii.) 9, 250). Both authors ob- 
tained it ...'■-x-,,,— jjjg^gg Ijy extractiug 

parsley se ■ ' ' > water, and consider- 
ing the ■ "■ ■ which it gelatinised, 

Braconnot included it among the members 
of the pectin class. Subsequently, Planta and 
Wallace assigned to it the formula Ca4H2g0i3 
(Annalon, 1850, 74, 262), and though by the 
action of boiling dilute acids a brown substance, 
C24H20O9, was produced, it did not appear that 
apiin was a glucoside. On the other hand, 
Lindenhorn (Inau^ral Dissert. Wurzburg, 1867), 
who obtainedj^this substance in a crystalline 
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condition, found that by tbe action of dilute 
acids it was decomposed into glucose and 
apigenin, and that the reaction probably pro- 
ceeded as follows 

Gi3H,40,+H,0=0«H,Oo+08Hi20«. 

Von Geriehten (Ber. 1876, 9, 1124), who found 
for apiin and apigenin numbers identical with 
those given by Lindenhorn, showed that on 
fusion \rith alkali apiin gave phloroglucinol and 
an acid not closely examined, but which, by the 
further action of thealkali, gave frotocatechuic acid 
besides some oxalic, formic, and para- hydroxy- 
hmzoic acids. As a result of his investigation, 
von Geriehten considered the most probable 
formula for apigenin to be OigH^nOg, and that 
the decomposition of the glucoaide apiin with 
acids might be represented as follows — 

■G„H3.0i„-l-H,0=20gH,20o+aigH,nOg. 

In a later communication (Annalen, 318, 124), 
he adopted the formula 

CogHggOi.-HgO, 

and found that on hydrolysing apiin with h p.c. 
stxlphurie acid it is converted into apiose and 
a-glucose apigenin 

C3BH28Oi4+H,O=0gHi„0g+CgH„O„-0i5H„O,. 

Apiose. a-glucoae apigenin. 

By the prolonged action of the acid, the latter 
compound gives apigenin and glucose 

Apiin therefore contains a disaccharose nucleus 
which on hydrolysis yields dextrose and apiose. 

Apiose is an aldopentnso of the formula (1) 
and on oxidation gives apionic acid (2) 

HO-CH, OHaOH HOCHg CtROH 

\/ \/ " 

(1) C-OH (2) O-OH. 

1 I 

CH-OH OH-OH 

CHO COOH 

By the action of hydriodic acid and phosphorus 
apionic acid is reduced to iso-valeric acid. 

When apiin is boiled with nitric acid in 00 p.c. 
acetic acid it is converted into the nitromono- 
glucoside, iw7roapi,Ye0-mG2THatO„NO2, a yellow 
crystalline powder, m.p. 264°-255°, soluble in 
alkaline solutions with a yellow colour (Perkin, 
Chem. Soc. Trans. 1900, 416, 77). 

Apiin consists of colourless needles, m.p. 
228°, easily soluble in hot water and alcohol. 
From these solutions it separates on cooling in 
the gelatinous condition. 

Whereas apiin can be most readily obtained 
in a pure condition from the seeds of parsley, 
it has been shown by von Geriehten that the 
stem and leaves of this plant contain in addition 
a glucoside of a luteolin monomethylether. By 
fusion with alkali, pure apigenin gives phloro- 
glucinol and jy-hydroxylenzoic acid (Ber. 1900, 
33, _2334)_. The previous isolation of protocate- 
chuie acid, according to this method by von 
Geriehten, and Perkin (Chem. Soc. Trans." 1897, 
71, 805) was due to its contamination with a 
trace of the luteolin derivative. 

In order to prepare apigenin, Perldn {l.c.) 

■■ . i of apiin for 20 hours with 3 litres 
, . > ■ ; acid (sp.gr. 1-04). The crude 

colouring matter is extracted with boiling 
alcohol, and the extract treated with alcoholic 


lead acetate solution, drop by drop, until the 
supernatant liquid becomes colourless. The 
lead precipitate is then removed, and the filtrate 
after treatment with a few drops of acetic acid 
is evaporated to a small bulk. By addition of 
a little boiling water and gentle evaporation, the 
apigenin separates in a crystalline condition. 

Should the substance be contaminated with 
luteolin monomethylether, it is digested for 
2 hours -with boh' ’ ■ ^ - id (sp.gr. 1-96) 

and the product ■ alcohol. The 

more soluble luteolin thus formed remains in 
solution (Czajkowsld, v. Kostanecid and Tambor, 
Ber. 1900, 33, 1996). 

Apig-' -'- - , - ■ rrystallises in 

almost ( ■ , ! ■ , and dissolves 

in alkaline solutions with a yellow colouration. 
By moans of acetic anhydride triacetyl apigenin, 
colourless needles, m.p. 181°-182°, is producecl 
(0., K. and T.), but when methylated by means 
of methyl iodide, only a dimethyletlier 
CigHaOglOOHg)^, 

pale yellow needles, m.p. 171°-I72° (Perkin, 

l.c.), OX" ’ f'- ■■ ' ' '■ ■■ ‘’’'I 

yields ■ '. . ‘ . 

needles, m.p. i.yt)"-19t)“ (,4*.), and by means of 
alcoholic potash is transformed into a yellow 
potassium salt wMoh is decomposed by wash- 
ing with water. When hydrolysed, vdth alcoholic 
potash, apigenin dimethylether yields anisic 
acid and a syrupy phenolic substance which 
probabl .' '■ ■ ■< -f .•> _ 

If a; ' ' 

hydrox’ i. ' . 

tion of ; ■ ■■■■■,■ : ■ i : 

(Perkin, . ■ ■ ■ ; ■ 

tion, Perkin assigned to apigenin the constitution 
of an hydroxychrysin, or 1:3:4': irihydroxy- 
flavona 


Somewhat later, Czajkowsld, v. Kostanecid 
and Tambor (l.c.) synthesised apigenin by a 
series of reactions similar to those employed for 
B"' "V’ f hrysin (Emilewicz, v. 

•■I' 1 '. , Ber. 32, 2448). 

Plilor acetophenone irimethylcthcr condensed 
with ethyl anisata in the presence of sodium 

gives ( 1 )^ j^nfl 

this on ■ converted 

into apigenin (2). 


-CO— CO- 


The following derivatives of apigenin liav(j 
been prepared. 

Apigenin diethylelher, CigH„0;j(0G.2Hg)2, 
yell f)W needles, m.p. ]6]°-162° (P.), ' ]()3°-](Vl° 
(G., K. andT.); acetylapiganin dielhylethn 
Cigll, 03(002 lig)o-02H20' 
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colourless needles, m.p. 151°-152° (P.), 148°- 
149'5° (C., K. and T.) ; trihenzoylapigenin 

^15^705(071150)3, colourless needles, m.p. 210°- 
212° (P.) • dihromafigenin GigHgBrjOg, pale 
yellow needles ; mononitroafigenin 
0,5H,05-N0o, 

orange^ yellow prismatic needles ; trinitro- 
(ipigenin Gi 5H70 b(N 02)3, minute yellow needles ; 
and tetranUroapigcnin OigHBOglNOa)^, almo.st 
colourless needles, m.p. 243°-241° (decomp.). 

Disazohenzene apigenin crystallises in red 
needles (Perldn, l.a.), m.p. 290°-292° (decomp.) 

CeHgNa 

/ ^OH 

II 

OH 

and with acetic anhydride gives only the 
'monoareipl.denvatweCi^K-,0^{G2il^O)(G^Kr^2)^, 
orange red needles which commence to decom- 
pose at 260° and melt at about 277°-280°. 

Apigenin closely resembles ohrysin in its 
tinctorial properties, although it is a somewhat 
stronger clyestuff. The shades it gives upon 
wool mordanted with aluminium, chromium, 
and iron are respectively pure yellow, weak 
yellow orange, and chocolate brown. 

Apigenin is also present in weld {Reseda 
luteola) (Perkin and Horsfall, Ghem. Soc. Trans. 
1900, 77, 1314), and exists probably also in 
camomile flowers (Perldn) (private communica- 
tion). A. G. P. 

PARSLEY, OIL OF, v. Oils, essential. 

PARSNIP, Peucedanum satirum (Benth. and 
Hook.). The tap root is used as a vegetable. 
Konig gives as the average composition — 

Other N- Crude 

Water Protein Fat Sugar free subst. fibre Ash 
83-2 1-4 0-4 2-3 8-1 3-6 1-0 

It has also been used as a root crop for the 
feeding of horses, cows, and bullocks. The 
yield is from 12 to 24 tons per acre, and the 
material possesses higher feeding value than 
turnips, mangolds, or carrots (Guepin, Ann. 
Agron. 1900, 26, 476). The ash is rich in potash 
(42p.o.). H. I. 

PARTING. The separation of gold and 
silver by means of nitric acid, v Assaying. 

PARTINIUM. An alloy of aluminium and 
tungston used in automobile construction. 

PASTES V. Gems, imitation. 

PATCHOULI CAMPHOR v. Gamphoes ; also 
Oils, essential. 

PATCHOULI OIL v. Oils, essential. 

PATENT LEATHER VARNISH v. Vabnish. 

PATENT PHOSPHINES v. Aoeidinb dye- 

STGEES. 

PATERAITE v. Molybdenum. 

PATINA. The green film which forms upon 
bronze and copper mouldings, and consisting of 
basic copper carbonate. On bronze statues it 
produces a pleasing effect owing to its colour, 
smoothness, and transparency, so that the 
bronze itself may be seen through it in places. 
The conditions which favour the formation of 
patina are a pure atmosphere, the presence of 
moisture in the air or in the earth where the 
articles may have lain buried, and a smooth 
surface. The finest examples of patina are 
found upon bronzes of ancient manufacture in 


which much tin and little zinc was used as alloy. 
The effect of a natural, and consequently slowly 
formed, coating of patina i.s frequently imitated 
artificially by wetting articles of bronze with 
dilute acids. 

PATRONITE. A vanadium sulphide (VS4 
or VaSg-l-JiS), forming a large deposit in the 
Quisque (or Minasragra) district, near Gerro de 
Pasco in Peru. It is amorphous and dull with a 
black or very dark greenish-black colour, and 
somewhat resembles asphaltum in appearance. 
Analyses show 15 to 24’8 p.c. of vanadium with 
combined sulphur and various impurities (silica, 
alumina, free .sulphur, carbonaceous matter. &c.). 
Sp.gr. 2'65-2-71. Banded with vanadiferous 
asphaltum, quisqueite iq.v.), and a coke-like 
material, it forms a large vein or lenticular mass 
in red shales of Gretaceous age which are pene- 
trated by dykes of igneous rock. Tliis deposit 
has been extensively mined ; the material is 
roasted to drive off volatile constituents, and 
the residue exported for the manufacture of 
vanadium steel. {See W. P. Hillebrand, Amer. 
J. Sei. 1907, xxiv, 141 ; D. F. Hewett, Trans. 
Amer. Inst. Mining Engin. 1910, xl (1909), 274) 
{v. Vanadium). L. J. S. 

PAULLINITANNIO ACID v. Guaeana. 

PAVIIN V. House Geestnut. 

PAWPAW, Carica Papaya (Linn.). The fruit 
is edible. According to Prinsen Geerligs (Ghem. 
Zeit. 1897, 21, 719), the folloAving figures give its 
average constitution : — 

Average wt. of 1 fruit Flesh Rind Seeds 
600 grammes 65 10 25 j).o. 

The flesh contains — glucose, 2-6 p.c. ; fructose, 
2-1 p.c. ; cane sugar, 0*9 p.c. 

Of more importance is the occurrence in the 
juice of the fruit, of an enzyme — papayin or 
I papain — w'hich resembles pepsin. In the West 
Indies this juice is collected by making incisions 
in the fruit while still on the tree, vith a bone 
or wooden knife, and receiving the juice in 
earthen or glass vessels. The juice, which 
rapidly coagulates to a white curd, is very 
putrescible, and has therefore to be rapidly 
dried, either in the sun or by artificial heat, 
care being taken not to raise the temperature 
much above 35°-40° {v. Papain). 

H. I. 

PEA, The garden pea, Pisum sativum 
(Linn.), is a leguminous plant, growing in 
temperate climates. The seeds are used largely 
as human food in the green immature condition 
and also when ripe and dry. 

The air-dried ripe seeds, on the average, 
contain (Konig) — 

Water Protein Fat N-free extract Crude fibre Asli 
13-6 23*4 1-9 52-7 5-6 2-8 

Of the total nitrogen in peas, non-proteid 
nitrogen constitutes from 8 to 11'5 p.c. The 
proteids have been investigated by Osborne 
and Campbell (J. Amer. Ghem. Soc. 1896, 
jg i-oq. -y.-j 1 tjoQ oA_ Q/)Q o-r,/! Aim -nrli/-. find them 
to ■ ■ . ■ . "amount- 
ing . ■ '■ P-C-, and 

tivo other substances, protoproteose and deutero- 
proteose. Legumin is a globulin not coagulated 
at 100° and containing 17-75 p.c. nitrogen and 
0'46 p.c. sulphur ; viciliu is a similar substance, 
but coagulates at 95° and contains 17- 15 p.c. 
nitrogen and only 0-1 to 0-2 p.c. sulphur; 
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Icgumelin is an albumin, coagulates below 80° 
and resembles the leucosin of wheat (Osborne 
and Plarris, J. Biol. Chem. 1907, 3, 213). Eor 
description of the hydrolysis of these proteids, 

V. Osborne and Heyl J. Biol. Chem. 1908,5,187. 

Choline and trigonelline have been found in 
peas (Schulze and Frankfurt, Ber. 1894, 27, 
769). 

The nitrogen-free extract contains about 
68 'p.c. of starch, 10'5 p.c. of dextrine, &c., and 
4 p.c. of pentosans. The fat is a pale-yellow 
oil, containing much lecithin and some phyto- 
sterol. i 

Green peas — the'i’unripe form in which the 
seeds are usually eaten as a vegetable, contain 
on the average — ' ^ 

Suejar and otter \ Crude 

Water Protein Pat N-free subst. fibre Ash 
77-7 G-6 0-5 12-4 1-9 0-9 

The nitrogenous matter consists largely of 
non-proteid bodies, 25-33 p.c. of the total 
nitrogen being in this form. 

The ash of peas contains — 

KoO ]Sra„0 CaO MsO PeaOa PaOj SO3 SiOg Cl 

41-8 l-b 5-0 8-0 0-9 36-4 3-5 0-9 1-5 

Bottled and canned green peas are largely 

prepared, and in many oases the colour is 
rendered brighter by the use of copper com- 
pounds, added either by actual addition of 
some copper salt or by boiling the peas in a 

\ • ;.-p ‘ p, --- in. 

■ ■ ■ . ■ ! ■ ■■ 'U 

; I ■ . : . ■ ■ ' ' ; icli. 

treatment; 50 milligrams of copper per kilo- 
gramme of peas is said to be sufficient to im- 
part a permanent and adequate greenness to 
peas, and twice this amount is permitted by 
law in France and Italy (Wynter Blyth). Such 
addition of copper is illegal in England. 

The field pea, Pisum arvense, is an im- 
portant farm crop, the seed furnishing an excel- 
lent and richly nitrogenous food for fattening 
stock, while the power of collecting nitrogen 
from the air, which peas in common with other 
leguminosoe possess, serves to enrich the soil 
on which it is gro^vn. 

The following analyses by Kellner show the 
average composition of field peas ; — 

Pro- N-free Crude 
Water to in Fat extract fibre Ash 
Green plant, flowering 84‘6 4'0 0'5 5'1 4‘5 1’4 
Hay, cut in flower . 16-7 14-3 2-6 84-2 25-2 7-0 
Straw, cut when ripe . 13-6 fi-O PC .33-7 35-5 6-6 

Seeds, air-dried . . 14-0 22-.5 PG 63-7 5-i 2-8 

Hiislcs . . . 12-0 7-S 1-2 3P9 44-7 2-9 

Bran . . . IIW 16-8 1-7 46'2 20-1 2,-6 

Feeding meal . . 13'5 23-4 2-0 51-0 7-0 3*1 

H. I, 

PEA IRON ORE v. Trow. 

PEA -NUT, Earth-nut or Ground-nut, 
A /T plant grow- 
'■ J 'u ■ I . After flowering, the 

stalk bends over and enters the soU., whore the 
seeds grow and ripen. The seeds are contained 
in paper-like pods, or hnsks, and there are 
usually two, though in some varieties four seeds 
in each pod. 

The average composition of the shelled seed 
is given by Konig as — 

Water Protein Fat W-free extract Crude fibre A.sh 

^7*5 27-5 44-5 15-7 2-4 2-5 

The writer has found in samples of Trans- 
vaal pea-nuts considerably higher proportions 


of oil, e.g. the following three analyses may be 
quoted (A grown in the Transvaal from Virginian 
seed ; B grown in the Transvaal from Spanish 
seed; C import " ■ ■ 1. ‘Mammoth ’) :-; 

100 pods of i. = . =■■■■■' grammes and 

contained I ■ " ( : 

100 pods of B weighed 102-4 grammes and 
contained 170 kernels; 

100 pods of 0 weighed 190-3 grammes and 
contained 288 kernels. 

A consisted of 66 p.c. kernel, B of 76-4 p.c., 
and 0 of 71-7 p.c. kernel.^ 

The kernels, on analysis, gave the following : • 
ABO 

Moisture . 4-88 5-05 4-37 p.c. 

Protein . . 30*13 31-19 24-82 ,, 

Oil . . 46-06 46-08 54-35 „ 

The seeds, after roasting, possess an agree- 
able nutty flavour, and are used to some extent 
as human food. They are of more importance 
as a source of oil (v. Arachis oil, Art. Oils, 
Fixed, and Fats), while the press cake left is 
a valuable cattle food containing, according to 
Kellner — 

Water Protein Fat H-free extract Crude fibre Ash 

9- 8 44-5 9-2 . 23-8 5-2 7-5 

Samples containing up to 60 p.c. protein 

are not uncommon, and, if the seeds are free 
from sand, the ash is lower than the figures 
given- 

Tha ‘ vines,’ after removal of the seed, may 
be used as hay for cattle. American analyses 
show them to contain — 

Water Protein Fat H-froe extract Crude fibre Asli 

10- 0 10-0 3-6 42-0 22-0 12-4 

For a description of the cultivation and 

applications of the pea-nut or ‘ pindars ’ in 
Jamaica, see J. Imp. Inst. 1898, Dec. 341. 

H. I. 

PEACH, Prunus Persica (Stokes), a tree grow- 
ing in warm climates, bearing a fruit which is 
valued for table purposes. Many varietic.s ar(! 
known ; they may he divided into two types — 
oling-stone and free-stone peaches, according 
to the character of the connection between the 
flesh and the stone or ‘ pit ’ of the fruit. 

Konig gives as the average composition — 

Free Invert Cane Other Id- 
Water Protein acid auc-ar siipcar free ext. Fibre Asli 
82-0 0-9 0-7 3-7 4-5 1-2 0-5 0-6 

Under ‘ fibre ’ in the above figures is in- 
cluded the stone, which constitutes from 4-() 
to 6-8 p.c. of the whole fruit. About 0-8 p.c. 

.r present. The peach kernel 

■ ■ . oil, amygdalin, and a proteid, 

amaniin (Osborne and Campbell, J. Am(tr. 
Chem. Soo. 1896, 18, 609). For changes in com- 
position during ripening, v. Bigelow and Gore 
(J. Amer. Chem. Soo. 1905, 27, 915). 

The juice of peaches has a sp.gr. of about 
1-05, contains 13 p.c. of total solids, including 
2 p.c. invert sugar, 7 p.c. of cane sugar, and 0-(i 
p.c. free acid (as malic acid). It can readily 
be fermented, and is used as a source of alcohol— 
so-called peach brandy. 

Peaches are often preserved by drying, or 
canning in syrup. American anaty.sc.s of canned 
peaches show them to contain — 

Water Protein Fat N-free extract ami fibre Asli 
88-1 0-7 0*1 10-8 0-3 

1-1. I. 
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PEACH KERNEL, OIL OP, v. Oils, 

Essential ; also Oils, Pixel, and Pats. 

PEACH WOOD V. Beazil WOOD. 

PEACOCK-COPPER OREu. Copteb -PYBITES. 

PEAR, Pyrus communis (Linn.). Many 
varieties are known. The average composi- 
tion of the ripe fruit is given by Konig as — 

„r . ^ Invert Cane Other N- Fibre and 

Water Protein acid sugar sugar free extract pips Ash 
83-8 04 0-2 7-1 1-5 34 2-8 0-3 

A considerable quantity of pectin and pectous 
substances is present. Pear juice, like apple 
juice, readily ferments and yields an alcoholic 
liquid — ^perry — resembling eider. Prom this a 
brandy can bo prepared (w. Windisch, Zeit. 
Spiritusind. 1905, 2887). Tannin is present, 
especially in the rind (Kehlhofer, Bied. Zentr. 
1900, 29, 248). The rind also contains a wax 
molting at 08° (Seifert, _ Landw. Versuchs. Stat. 
1894, 45, 29). The dried seeds of pears were 
examined by Huber (Landw. Versuchs. Stat. 
1911, 76, 443), who found them to contain — • 

Pat Sugar Purfuroida Crude fibre Protein Amidea Ash 
25-0 64 6-7 9-0 64 0-2 3-8 

The leaves of pear trees contain from 1-2 to 
14 p.c. of a glucoside {m.p. 194°), which, on 
hydrolysis, yields quinol,' and is probably 
identical with arbutin (Bourquelot and Pichten- 
holz, Compt. rend. 1910, 151, 81 ). The existence 
of quinol in the buds of peartrees was observed 
by Rmlire and Bailhache (Compt. rend. 1904, 
139, 81). 

The ash of pears (whole fruit) was found by 
Wolf! to contain — 


KjO NaaO MgO 
54-7 8-5 6-2 


CaO 

8-0 


P2O5 

15-3 


SO. 

•7' 


SiO„ 

1-5“ 


Pears are sometimes dried, but more generally 
prciserved by canning. American analyses give 
the following : — 

Total carbo- 

Water Protein Pat hydrates Ash 

Dried pears . 16‘5 2-8 2 4 72-9 24 

Canned pears 814 0-3 0-3 18-0 0-3 

H. I. 

PEARCEITE V . Polybasite. 

PEARL ASH. A variety of potassium car- 
bonate, V . Potassium. 

PEARL SINTER. _ A land of opal found in 
the cavities of volcanic tufa. 

PEARL SPAR V . Dolomite. 

PEARL WHITE is (1) a basic bismuth ni- 
trate or oxychloride [v. Bismuth) ; (2) a prepara- 
tion of mother-of-pearl. 

PEARL-HARDENING {Satin spar or Amia- 
line) is the trade name for artificial crystallised 
calcium sulphate. It may be prepared by 
treating calcium chloride solution with dilute 
sulphuric acid ; by boiling waste gypsum with 
hydrocMoric acid (Eng. Pat. 1577, 1897) or by 
the double decomposition of sodium or mag- 
nesium sulphate with calcium chloride (Eng. 
Pat. 7797, 1891). It is used in paper manu- 
facture as a filling for writing paper {v. Calcium). 

PEARLITE. The name given by Sorby 
(.T. Iron and Steel Inst. 1886, 140 ; 1887, 265) 
to the eutectic mixture of ferrite and cementite 
present in steels. It may consist of alternate 
lamellae of the constituents, which in oblique 
light show iridescent colours like mother-of- 
pearl, or it may exist in granular or ‘ beady ’ 
forms (Benedicks, Metallurgie, 1909, 6, 567). 
The two constituents are identical with ’ free ’ 


ferrite and cementite (Ledebur, Stahl, u. Eisen, 
1887, 8,742; 1891,11, 294). 

ft is the principal, sometimes the only 
constituent of intermediate steels and under 
the microscope is characterised by polishing in 
relief or etching, when the cementite stands out 
from the softer ferrite. 

PEARLS. Calcareous concretions formed by 
various molluscs, those used in jew'ellery being 
mostly obtained from the largo pearl-oyster, 
Avicula {Meleagrina) margaritijera (Lira..), The 
analysis of several fine white pearls by Harley 
gave calcium carbonate, 91*72 ; organic matter, 
6*94; water, 2-23 (Proc. Roy. Soc. 1888, 43, 
461). The calcium carbonate is of the ortho- 
rhombic modification identical with the mineral 
aragonite, and the organic matter is chiefly 
conchiolin. The sp.gr. of pearls varies between 
2*650 and 2*686. Most pearls present a con- 
centric structure, having been formed by 
successive deposits around a nucleus, which 
may be a grain of sand, a parasitic organism, a 
fragment of seaweed, or some other foreign body 
which by irritating the mollusc stimulates the 
secretion of nacre. The pearls are usually 
found in the mantle, but sometimes in the 
muscles of the mollusc ; or, having escaped 
from the tissues, they may become adherent to 
the shell. To be valued by the jeweller, the 
pearl should be of spherical form, while its skin 
or outer coat should display the delicate irides- 
cent sheen known as the ‘ orient.’ Pearls of 
more or less hemispherical shape, cut from the 
shell, are termed boutons ; while those which 
are warty or irregular in form pass under the 
name of baroque. Occasionally the pearl is 
found completely embedded in the mother-of- 
pearl. Some pearls, instead of shoving a con- 
centric structure, ai^e crystalline, being composed 
of striated prisms radiating from the centre, and 
these may or may not possess a nucleus (Harley, 
Proc. Roy. Soc. 1889, xlv. 612). 

The principal pearl fisheries are those of 
Torres Straits and the north-west coast of 
Western Australia, the Sulu ■' ’’ — . '^'ylon, 

and the coast of Madras, tl ' ■ ■ ■ ■ . and 
the Gambier and Pomotou Islands. The 
American fisheries are chiefly in the Caribbean 
Sea, of! the coast of California, and near Panama. 
The pearls are mostly derived from Meleagrina 
Californica (W. H. Dali, Amerio. Nat. 1883, 17, 
579, 731 ; E. W. Streeter, Pearls and Pearling 
Life, London, 1886). 

Coloured pearls are occasionally found, the 
tint in each case being dependent on that of 
the nacre lining the shell. The highly-prized 
black pearls are obtained chiefly from Mexico, 
and it has been suggested that the colour is due 
to the presence in the water of salts of silver, 

derived fro - silver mines. Pearls 

have been ■ ' ' . ■ ' '.ed by means of silver 

salts. Pink pearls, sometimes finely water-lined, 
are mostly derived from the conch shell Strom- 
bus gigas ; while large, coarse, yellowish pearls 
are obtained from the great clam, Triilaena 
gigas. 

The principal source of fresh-water pearls 
is the pearl-mussel {XJnio margnriiiferus), a mol- 
lusc widely distributed in the rivers of northern 
temperate regions. It is found in the Tay, 
North, Earn, Boon, and many other mountain 
streams in Scotland. Scottish pearl -fishing was 
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revived in 1800, and successfully carried on for 
some years by M. Unger. The pearl-mussel is 
also found in Cumberland ; in Wales, especially 
in the Conway ; and in Ireland. On the Conti- 
nent pearl- fishing has bee ■ ' -1 ■. 

Bohemia, and Bavaria ; ■ ■ \ ■ 

and even Lapland. The American rivers also 
' '' ■■ molluscs, especially in New 

■ 1 : . ■ -ey, and Ohio ; and in Canada 

/ . -.a ■; ■ s of N. America, New York, 

1 890). Fresh-water pearls are likewise obtained 
from China and Japan, and the Chinese exhibit 
much skill in inducing the formation of pearl by 
the artificial introduction of certain objects, upon 
which the molluso deposits a nacreous layer. 
Chinese shells with images of Buddha formed 
of pearl adherent to the inner surface are well 
known to collectors (Maegowan, Journ. Soc. 
Arts, 1868, ii. 72). 

The so-called cocoa-nut pearls, from the 
Malay Archipelago, are pearl-liko bodies, re- 
sembling ivory, said to be found inside cocoa- 
nuts. Certain bodies which have been de- 
scribed as mammalian pearls are simply biliary 
concretions, formed mainly of cholesterol. 

Artificial pearls are manufactured on the 
Continent in a variety of ways. Some are 
globes of thin opaline glass, filled with gum or 
wax, and deadened on the surface by means of 
hydrofluoric acid. The better lands are glass 
globules lined with a nacreous composition, 
formed by digesting the silvery scales of the 
bleak in ammonia. Roman pearls are glass 
spheres, to which the nacreous material is” ap- 
plied externally. Celluloid, incorporated with 
lislr scales, has become a favourite material for 
artificial pearls. Black pearls have been imi- 
tated fay beads of a very compact haematite, 
which may he polished so as to present a kind 

peavls are frequently 

: : . . ■ ads of pale coral (u. Motheii- 
op-Peakl) ; Herdman and HorneU, Rep. Ceylon 
Pearl Fisheries (Roy. Soo. London, 1903) ; C. F. 
Kunz and 0. H, Stevenson, The Book of the 
Pearl (Now York, 1908). 


quantity in the Essachossan mine near Inverary 
in Argyllshire, and at Lilleharamer in Norway. 

L. J. S. 

PENTOSANS, PENTOSES u. Caubohydeates. 

PEPPER is the dried fruit of Piper nigrum 
(Linn.), a plant of the same family, Piperacece, 
as the Betel pepper and Long pepper. 

It is a climbing plant, from 12 to 20 ft. high, 
growing in the East and West. Indies and culti- 
vated in many tropical countries. The fruit is 
borne on terminal flower stalks, 20 to 30 on each 
stem, the berries being about 6 mm. in diameter. 
It is gathered when it begins to turn red, dried 
in the sun or by artificial heat, after whicli it 
becomes black and shrivelled. Two crops arc 
collected annually. 

The chief varieties coming into the market 
at the present time are Mangalore (very little), 
Malabar, Ceylon, Java, and Tellichorry, Ihang, 
Penang, and Singa|)ore, the first mentioned being 
the most esteemed in the trade. 

Prapm'iiiinn. Black pepper is the whole 
berry gathered in the green condition and dried 
in the sun or in the case of some varieties, as 
that of Singapore, over a fire. 

White pepper is the same berry, gathered 
when more mature, but deprived of a portion 
of the irericarp or outer skin by macerating in 
water, drying, and then rubbing between the 
hands, from 6 to 12 p.c. of husks being thus ob- 
tained . The berries oven after this are larger than 
those of Blade pepper, but in no other respect 
does the greater degi-ee of ripeness show itself. 

Componti'jn, The constituents to which the 
flavour and aroma of pepper are due are a ro.sin, 
an alkaloid, pipeline, and a volatile oil. Aoeord- 
ing to W. Johnstone, piperidine, is also present, 
hut this 1ms been contradicted (Zeitsch. ofTentl. 
Chem. 1904, 10, 137). The usual plant eem- 
stituents, including much starch, make up flie 
bulk of the material. 

The following table shows the comparafivc 
composition of the two varieties. 

Table I. 


F. W R 

PEAT and TURF V . Fuel. 

PEATWAX V. Waxes. 

PELARGONIC ACID v. Nonoig acids. 

PELLETIERINE v. Vegeto-alkaloids. 

PELLITORY RESIN v. Resins. 

PENNETTIER’S GREEN. Hydrated chro- 
mium sesgnioxide v. Chromium. 

PENNYROYAL, OIL OF, Oils, essen- 
tial. 

PENTADECATOIO ACID Ci^lla.OOOH, m.p. 
.61°, b.p. 257° (100 m.m.), is obtained by the 
oxidation of methylpentadecylkotone (Krafft, 
Bcr. 1879, 1671) and by heating pentadecyl 
alcohol with potassium carbonate (Panics, 
Monat.sh. 15, 14). 

PENTAHYDROXYBENZENE v. Phenol and 
ITS Homologue.s. 

RENTAL V . Synthetic drugs. 

U^ycZo-PENTANEDIONE v. Ketones. 

CycZo-PENTANONE v. Ketones. 

PENTLANDITE. A native sulphjd o of nickel 
(10-40 p.e.) and iron. IF' .N'iS. fcriakiL' “'.ranular 
masses with a pale .••. It is 

an important constituent of the extensively 
mined nickel ores of Sudbury in Ontario (v. 
Pyrrhotite) ; anditha.sal3o been found in some 


COMTOSITION’ OF PeTPEE. 
(Richardson, U.S. Uopt. of Agriculture, Bureau 
of Chem. Bui. i 3, LI., 206). 



Black pepjier 

Wliito pepper 

Water 

8-0 

to 11-0 

8-0 to 1 l-O 

Ash .... 

2-76 

99 

5-0 

l-O , 

„ 2-0 

Volatile oil . 

0-50 

99 

1-75 

0-5 „ l-7i 

Pljicrine and resin 

7-0 


8-0 

7-0 , 

„ 8-0 

Starch 

32*0 

99 

38-0 

40-0 : 

„ 44-() 

Crude fibre . . 

8-0 

99 

11-0 

4-11 „ 8-0 

Albuminoids 

7-0 


12-0 

8-0 „ 10-0 


Pepper itself is mainly employed as a condi- 
ment, the shells being used for tinned foods, 
. ' B’ pepper is official in the 

: . .. jjife the volatile oil 

acts as a carminative and stomachic. 

Adulteration. The number of different .sub- 
stances which have been recorded from time to 
time as adulterants of pepper is very large, Imt 
in this country but little sophistication has been 
detected of recent years. 

Excessive proportions of mineral matters 
may be present, owing to the whole, berries 
having been insufliciontly cloanfsed from ad- 
herent earth; or to their having been coated 
with kaolin, French chalk, or similar material, 
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so a.s to enable black pex^per to counterfeit the 
white variety; a high ash may also result from 
the deliberate addition of mineral substances to 
the ground pepper. 

The commonest adulterant, Irowever, is 
added starch, that of rice being most frecpieirtly 
employed. Some years back, ground olive 
stones (‘ poivretto ’ or ' pepperette ’ ) were fre- 
quently met with in samples examined under 
the E ood and Drugs Acts, and many prosecutions 
resulted. The husk removed from white pepper 
in tire course of manufacture is frequently 
added to both black and white pepjrers, being in 
the latter ease bleached. In white pepper it 
must certainly be regarded as an adulterant if 
the proportion of added husk is at all substantial, 
and numerous succe “ ■ ■■ ■ : i ' ' have 

been recorded. The ■ hi xiepper 

{Fi'po.r lnngu7ri) was formerly fairly common. 

A more objectionable oli'ence arises from the 
craze for whiteness in xrepper, and it is hardly 
too much to say that, but for this, adulteration 
would be muoh less frequent. White pejrper is 
bleached to make it whiter still, and fetches a 
higher price in consequence although very 
dofifiieut in aroma. The exact process is kept 
secret, though it is believed to involve the 
use of bleaching jiowder or sulphurous acid. 
T’ho bleaching proce.s 3 naturally removes much 
of the aroma and the purchaser pays a higher 
price for an impoverished product, which is 
much more likely to become mouldy in conse- 
quence of the treatment it has undergone. 

Of the rarer adulterants which, however, 
still appear to be met with in America and else- 
where, may be mentioned spent ginger, mustard 
hulls, linseed meal, ground almond shells, sa%v- 
dust and barium sulphate. 

iJetection of adulteration. (1) Microscopical 
examination. .For the detection of added starch 
the ground sample should be examined in water 
or dilute glycerol without attempting to reduce 
the material to a very fine powder. The masses 
of starch grantdes, cemented together with 
protein substances, wdl then retain the form of 
the cells in which they were enclosed. 

Comparatively feAV isolated starch grains 
will be seen in this case if the samt>lc consists 
of pepper only, but foreign starches will he 
ea.s% visible. Rico starch alone presents any 
dilficulty owing to its small size and general 
resemblance to pepper starch. The granides of 
the latter vary from 0-5 to 5/x in diameter, are 
polygonal or round and show a distinct liilum 
under a high power. Those of rice, of similar 
shape, vary from 2 to 10/r in diameter and are 
also collected in aggregates wliich are never 
entirely broken up, and when the sample is 
examined in i)olarised light are easily picked 
out in the dark field from amongst the popper 
masses by their much more brilliant aijpearance. 

In examining microscopically for ohve stones 
and for excess of pepper husk it is of advantage 
to obtain the coarser and heavier particles and 
examine tl ' This may be done 

by sifting . . ■ 60 mesh sieve, by 

sedimentat: ■ ■ ..or by removal of 

the starch by boiling with dilute hydroclilorio 
aeid. The structure of the particles may be 
rendered more easily" visible by digesting for 
2 or 3 days in chloral hydrate or by treatment 
with dilute nitric acid and potassium chlorate. 


The most conspicuous structural elements of 
1-he outer sheU are the spiral vessels and 
I" ."bone cells of the pericarp, 
u!-.;. "i.vii the stone cells of the 

endocaiq) (beaker cells) by their larger and 
more variable size (15 to 20^ and sometimes 
100^ long), less regular shape, tliicker walls 
and yellow brown colour. The polygonal 
beaker cells have pitted walls and are colourless. 

In examining white pepper for added sheU, 
care must be taken to see that the above- 
mentioned structures of the outer layer are 


present in substan"---’ . The inner 

layer is a normal : diite pepper. 


and may be found in considerable quantities in 
the cheaper grades, where its presence is regarded 
by the trade as legitimate, although the addition 
of the dietetically much more valuable outer 
pericarp is looked upon as an adulteration. 

With polarised light, ground-olive stones are 
easily recognised as they stand out brightly in the 
dark field, and exhibit a reddish tint. Most of 
the structural elements of pepper remain almost 
dark, but long pepper exhibits a bluish tinge 
under these conditions. 

Various methods of staining have been 
suggested which will render the presence of 
‘ poivrette ’ visible to the naked eye, but they 
are used to greater advantage in conjunction 
with the microscope. Dilute caustic soda 
colours olive stones, and also bleached pepper 
husks bright yellow wlule pepper remains un- 
changed. A solution of aniline in strong acetic 
aeid leaves pepjier unaltered, but turns ground 
olive stones or almond shells yellow brown. 

Mixed with a few drops of freshly made 1 p.c. 
solution of phloroglucinol in alcohol and a drop 
of concentrated hydrooliloric acid added olive 
stones, almond shells and substances containing 
much lignified tissue are stained pale to dark 
red, while pepx)er is only .slightly altered to the 
naked eye. (For other reactions, see Analyst, 
XX. 1895, 181.) 

Ghemical anulysif>. For the routine chemical 
examination, the ash and the ash insoluble in 
HCl shoxdd be first estimated, the analyst being 
guided as to further determinations by the 
results of the - r— 

If the totr > case of 

black pepper or 3 in the case of white pepper, 
added mineral matter may be suspected, and a 
more detailed analysis is required. The com- 
position of the ash of pepper is as follows ; — 


Table II. 

Ash oe Peppee. 

(Rottgor, Arch. f. Hygiene, 1886, Bd. IV. 183, 

No. of samples 

and Blythe.) 

Black pepper. White pepper 

4. 2. 

KaO . 

Per cent. 

. 24-4 to 34 •" 

Average. 

6-13 

Na„0 . 

. . 1-5 „ 5-5 

0-79 

CaO . . 

. . 11-6 „ 16-1 

33-09 

MgO 

. . 3-3 „ 13-0 

10-59 

FeoOg . 

. . 0-3 „ 2-2 

2-04 

MnO, . 

. . 0*19 „ 0-8 

0-55 

1^0 5 " • 

. . 8-5 „ 11-1 

30-05 

SO, . . 

. . 4-0 „ 9-6 

3-50 

Cl . . 

. . 5-4 „ 8-5 

0-72 

Silica or sand . 1'5 ,, 6-5 

2-05 

CO, . . 

. . 14-0 „ 20-0 

10-96 
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The amount of foreign starch can only be arrived 
at indirectly by calculation from the proportion 
of fibre, or pentosans, or fixed ether extract. 
On account of the somewhat wide variations 
in the composition of genuine pepper, no 
single determination affords trustworthy evi- 
dence. 

If ground olive stones, almond shell, or 
similar substances have been detected, the most 
useful determinations are those of the fibre and 
starch. The starch should be determined by 
the diastase method after previous extraction 
with alcohol and ether, or by Ewer’s method 
(J. Inst. Brewing, 1898, 652). The fibre by 
boiling 2 grms. of the sample under an inverted 
condenser with 200 c.c. of 1*25 p.c. sulphuric 
acid, and, after filtering and washing, extracting 
for a like period with the same volume of 
1‘25 p.c. soda, the fibre being finally filtered, 
dried, and weighed on a tared filter or Gooch 
crucible. The ash should be deducted. (Eor a 
(juick method, which, however, gives different 
results from the above, .see Stokes, Analyst, 12, 
14.) If the fibre in a white pepper much 
exceeds 5 p.c. and microscopical examination 
shows the presence of the outer portions of the 
shell, the excess of husk may be taken as 
roughly eijual to the percentage of fibre less 5 
multiplied by 3. 

Eor special purposes, the estimation of the 


piperine may be required and should be carried 
out as follows : — 

The dried alcoholic extract from 60 grms. of 
the sample is treated with caustic alkali to 
dissolve resins, etc., weU washed on a filter 
with the same solution, then with water ; the 
precipitate is next dissolved in alcohol, the 
latter evaporated and the residue redissolved 
in a small volume of alcohol, the piperine precipi- 
tated by the addition of water and collected on 
a tared filter, washed, dried, and weighed. 

In the case of non-nitrogenous adulterants, 
the projjortiori of nitrogen affords a useful basis 
for calculation, as the nitrogen, other than that 
present in the piperine, is fairly constant in 
amount in genuine peppers. It is best, there- 
fore, to determine total nitrogen by the Arnold - 
Gunning method (I'.e. mixing 1 grm. of the sample 
with about the same weight of copper sulphate 
and red oxide of mercury and digesting with 
sulphuric acid and potassium sulphate in the 
usual manner for the ordinary Kieldahl process). 
The nitrogen in the ether extract should then 
be determined in the same manner and deducted 
from the total nitrogen. The nitrogen figure 
for the ether extract, multiplied by 20 '36, gives 
a rough measure of the piperine. 

The foUomng tables show the results of the 
analy.sis of pepper and of some of the most 
likely organic adulterants. 


Table III. 


Results of analyses of various varieties of Black and White pepper and of pepper shells 
by Winton, Ogden, and Mitchell; Winton and Bailey (An. Rep. Connect. Exp. Station 1898, 
198-199; 1903, 158-104) ; and by Doolittle, Mich. Dairy and Food Dept., BuD. 34. 


No, of samples .... 

Black pepper 

05 

■VMiite pepper 

35 

Pepper ahellB 

7 


Max. 

Min. 

Average 

Max. 

Min. 

Average 

Max. 

Min. 

Moisture .... 

12-95 

8-09 

10-26 

14-47 

8-04 

10-90 

11-01 

7-00 

Ash, total .... 

8-04 > 

3-09 

6-02 

4-28 

0-86 

1-71 

28-81 

7-82 

Ash, insoluble in HCl 

2-69 > 

0-0 

0-61 

0-80 

0-0 

0-17 

22-90 

0-79 

Ash, soluble in water 

3-32 

1-65 

2-52 

1-16 

0-12 

0-38 

4-66 

1-63 

Starch (Diastase method) 

41-75 

22-05 

36-64. 

63-60 

48-88 

54-97 

15-30 

2-30 

Ether extract, volatile 

2-20 

0-66 

1-29 

0-95 

0-49 

1-04 

1-11 

0-G8 

„ ,, non-volatile . 

10-44 

O-GO 

7-90 

7-94 

5-65 

6-68 

4-97 

1-51 

Fibre ..... 

18-89 

10-05 

11-88 

7-66 

0-10 

3-87 

32-15 

21-06 

Nitrogen, total 

2-53 

1-86 

2-15 

2-14 

1-85 

1-99 

2-35 

1-72 

Nitrogen in fixed ether extract 

0-45 

0-25 

0-32 

0-34 

0-24 

0-30 

0-15 

0-20 


in 

20 samples 

in 

10 samples 

in 3 samples 

Alcohol extract 

11-86 

8-31 

9-44 

8-65 

7-19 

7-66 

6-30 

4-00 


a’ABLB IV. 


Analysis of pepper adulterants. (Campbell 
Brown, Analyst, 1887, 12, 24.) 






Soluble 

Soluble 


Ash 

Starch 

Pibre 

boiling 

dilute 

acid 

in 

dilute 

alkali 

Wifi to poivrette . 

1-33 

none 

48-48 

38'32 

14-08 

Black ,, 

Ground almond 

2-47 

none 

47-09 

34-56 

17-86 

shells 

2-05 

none 

61-6S ‘ 

23-53 

24-79 

Ground olive stones 

1-01 

none 

45-38 j 

39-08 

15-04 


i.ehein pepper, t. 
the same Idnci. 


Standards. The United States standards 
for pepper are as foUowa ; — 


Black pepper. White pepper. 
Not to exceed 


Ash .... 

Ash insol. in hydro - 
cldorio acid 

Fibre .... 
Starch 

Fixed other extract 
Percentage of N. in fixed 
ether extract . 


7-0 p.c. 4-0 p.c. 

2-0 „ 0-5 „ 

16-0 „ 6-0 „ 

not less than 
25-0 „ 50-0 „ 

C-0 „ 6-0 „ 

4-0 „ 3-26 „ 


I.. c:ni:a'r!= hollow kernels and shell in exco.ss, were only 
: ..M i.ho maxiinum figures would be — Ash 7'(J0 p.c. 
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Black pepper should be free from added 
pcxjper hIioUs, pepper dust, and other pepper 

i.o:':, | is the fruit of Pi'pcr ojjicinarum 

L(Miq_.) C.BU.J and P. lowjum (Linn.) (N. 0. 
Piperaceoi) -wnich grows in the islands of the 
Malay archipelago, Bengal, and the Philipiiine 
islands. 

The fruit spike has the form of catkins from 
2 to () cm. long and 4 to 7 mm. wide in th.e case 
of P. offinnarum, that of P. longum being shorter 
and broader. It consists of numerous minute 
berries disposed along and partly embedded in 
an elongated axis. It has an odour and flavour 
somewhat resembling ordinary pepper but 
weaker and less agreeable, the smell becoming 
decidedly objectionable on warming. 

It contains about the same amount of volatile 
oil and about half the amount of piperine present 
in orcHnafy pepper, and owing to the fact that 
the fruit often trails on the ground the ash is 
liable to be high, owing to the inclusion of elay 
and sand from the adherent soil, to remove 
which no special steps are taken, fl’he figures 
obtained by the analyses of five samples by 
Campbell Brown and by Winton, Ogden, and 
Mitchell, are as follows ; — 



Max. 

Min. 

Total ash . 

9-61 p.c. 

8-10 p.c 

Ash insol. HOI. . 

0-22 „ 

0-16 „ 

Ether extract 

Starch and matters con- 

7-24 „ 

4-90 „ 

vertible into sugar 

49'34 „ 

42-88 

Fibre .... 

15-70 „ 

6-76 „ 

Nitrogen 

Alcohol e-Ktraot . 
Starch by diastase 

2-30 „ 

8-67 

39-55 

2-00 „ 


It does not come into the retail market, and 
its chief use is in the pickling and canning 
trade, and, formerly, at all events, for the 
adulteration of black and white pepper {q.v.), 
for which purpose it may be bleached. 

It has been used medicinally as a stimulant 
and carminative. 0. B. C. 

PEPPER, CAYENNE. Cayenne popper is 
the dried and powdered fruit of various small 
fruited species of Gapsicwm of which C. fasUgia- 
turn (Blume) and C.frvtesrens (Linn.) are the most 
important. The plant is indigenous in tropical 
America and is cultivated in hot and temperate 
climates in many parts of the world. 

The fruit is elongated, conical, and has a 
shiny, bright red .surface becoming dull red and 
shrivelled when dry. The pods are from I to 
2 cm. long and contain numerous yellowish, 
flattened kidney shaped seeds, 3 to 4 mm. in 

Paprika, a large fruited variety of Capsicum 
mmuum, is gro^vn in Hungary, Spain, Italy, 
I’ranoe, and Turkey. The fruit is from 2 to 
5 cm. long and has a bright red or yellow shiny 
surface, hut has not the intensely hot and 
pungent flavour of cayenne pepper. It is used 
chiefly on the Continent. 

Other varieties of G. annuum are also widely 
omytioyed on the Continent and in America for 

pickling. ^ . 1 j 

Pimiento is a large fruited pepper of bright 
red colour and very mild flavour, used for 
; 'iir:-!'.- rPves nnd as colouring matter. 

Co ■ The characteristic constituents 


are a red colouring matter, present only in 
the pod, soluble in ether, light petroleum, 
carbon disulphide, or clilorolorm, and an 
active principle capsaicine, OigHjsNOjjto which 
the characteristic flavour is mainly due, and 
which, though it preponderates in the pod, is 
also found in the seed (Micko, Zeitsoh. Nahr. 
genussm. 1, 818; 2, 411). There is also a 
tasteless and odourless fixed oil and an oleoresin 
{syn. capslcin), which, as used in medicine, is a 
mixture of fat, resin, and various other sub- 
stances extracted by the solvent employed 
(Alcohol, B.P. Codex; Acetone, U.S. Pharma- 
copeia). Analyses by Richardson (U.S. Depart, 
of Agrie., Div. of Chem. Bull. 13, 1887) of 
Capsicum annuum yielded the following results : 


Table I. 

Seed 

Pod 

Fruit 

Loss at 100° C. 

. 8-12 

14-75 

11-94 

Albuminoids (N X 6-25) 

. 18-31 

10-69 

13-88 

Pat (ether extract) 

. 28-54 

5-48 

15-26 

Pibre . 

. 17-50 

23-73 

21-09 

Ash 

. 3-2 

6-62 

5-20 


Cayenne pepper is mainly used as a condi- 
ment and also in canary and chicken foods. 
The whole fruit, ripe or unripe, appears in 
the market as capsicums or chillies, low grade 
fruits of large size being usually employed under 
these names for pickling, etc. The dried fruit 
of Capsicum minimum is ‘ official ’ in the British 
Pharmacopoeia . . it acts as a 

stomachic and , i : ■ ■ ' alimentary 

canal, externally as an irritant and vesicant. 

Adulteration. Although a long list of 
adulterants is given in most text-books, cayenne 
popper is rarely sophisticated in this corntry 
at the present time. The addition of foreign 
starches, such as wheat and rice, of mineral 
substances, gypsum and red ochre and, to mask 
the presence of light- coloured adulterants like 
starch and gypsum, such diverse materials as 
turmeric, ground redwood, and aniline dyes 
should still be looked for. Ground nutshells 
and olive stones have also been found compara- 
tively recently. 

Detection of adulteration. Microscopical ex- 
amination will suffice to detect the adulterants 
of vegetable origin. The presence of foreign 
starches will he at once apparent. The very 
minute starch grains of cayenne pepper are 
only present in very small numbers, the 
quantity being dependent on the ripeness of the 
fruit when gathered, and are usually embedded 
. in cells. 

The microscopical appearance of cayenne 
pepper is very characteristic and comparison 
with a standard sample will enable any of the 
above-mentioned vegetable adulterants to be 
detected with comparative ease {v. Peppbe). 

Preparations of the sample, both before and 
after removal of the fat, should be mounted in 
water or dilute glycerol. Eragments of the 
epicarp showing quadrilateral cells of w^hich the 
walls have a slightly wavy outline, but are not 
beaded, and which are arranged in rows, serve 
to distinguish cayenne pepper from paprika. 
(Eor further details as to the structural dif- 
ferences between different species of capsicums, 
see Pharm. J. 1901, 13, 552 ; 1902, 69, 3 ; or 
Winton, Microscopy of Vegetable Poods.) 
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Tlie presence of mineral adulterants will bo fruit of C. frulescens, 0. haccatum, or any small 
indicated by a high ash; nutshells or olive stones fruited species of capsicum, and that the lixed 
will raise the proportion of fibre (estimated as in ether extract should not he below 15 p.c., the 
Pepper, q.v.). For the detection of oil, soluble total ash not more than 0*5 p.c., the ash insoluble 
vegetable or coal tar colours, the other extract of in HCl not more than 0*5 p.c., starch (diastase 
the sample may be shaken with a mixture of 2 method) not more than 1*5 p.c., and iibre not 
parts of carbon disulphide and 15 parts of more than 28 p.c. G. H. 0. 

ethyl alcohol. The carbon disulphide will dis- PEPPERMINT. The Mentha piferiia (Lhm.) 
solve the oil and the natural colouring matter of Europe and America; M. arvensis (Linn.) of 
of the capsicum, while most aniline colours will Japan. Extensively grown for the sake of its 


pass into the supernatant alcohol layer. 


volatile oil, which is procured by distilling its 


Table II. (Parry, Food and Drugs ”) shows leaves. The oil and the preparations made from 
the limits within which the figures o btained by it are used as aromatics, carminatives, anti stirnu- 
the analyses of cayenne pepper are found to lants, and are useful in medicine for griping pains, 
vary, and Table III. gives figures for chillies It is also employed in the form of mint -camiJhor, 


and Table TV. for paprika. 

Table II. 

Maxirau 

Moisture . . .7*5 

Ether extract, volatile . 2*8 

,, „ non-volatile 15*5 

Alcohol extract . .30*0 

Starch by diastase method 1*5 

Fibre , . . .25*0 

Nitrogen . . .2*40 

Ash, total . . .7*2 

„ soluble in water . 3*3 

„ insoluble in HCl 0*3 

Table III, 


or menthol, for outward applicatioir in affections 
of the nerves (^’.' Oils, essential). 

f- Oil of pepipermint amounts on the average to 

Maximum Minimum plant used. The crystals of pep- 

7-5 3.5 r ■ are obtained from' the distillate 

2*8 0*7 ■ . . • ? ■ having been drained off, the 

e 15*5 19*0 process is repeated, when a tolerably pure oil is 

. 30*0 26*0 secured. After a third repetition no crystallisa- 

[ 1.5 0*8 takes place. 

. 25*0 20*0 Menthol, or peppermint-camphor, in its com- 

2*40 2*08 percial state is a white crystahised mass, mclt- 

7-2 5*0 ing at about 35“ and boding at 210°, When 

3*3 0-30 purified by distillation the melting-point is 

0*3 0*05 raised to 42° and the boiling-point to 212°. 

Menthone CigHj^uO is a colourless mobile 
t* liquid, neutral to test papers, soluble in almo.st 


Analayses of whole chillies. (Zanzibar proportions in alcohol, clrloroform 
Japan and Bombay. 8 samples in all ) carbon disulphide, but insoluble 
(Winton, Ogden and Mitchell, Ann. Report P stands to menthol in a simdar relatl 
Connecticut Exper. Station, 1898, 200.) which camphor stands to bornool, ai 




Maxi- 

mum 

Mini- 

mum 

Aver- 

age 

Moisture 

7*08 

3*67 

5*73 

Ether extract, volatile . 

2*57 

0*73 

1*.36 

„ „ non-volatilo 

21*81 

17-17 

20*15 

Alcohol extract 

27*01 

21*52 

24*35 

Starch (diastase method) 

1*46 

0*80 

1*01 

Fibre .... 

:24*91 

20*35 

22*35 

Nitrogen, total 

2*34 

2*13 

2*18 

Ash, total 

5*90 

5*08 

5*43 

,, soluble in water 

4*93 

3*30 

3*98 

,, insol. in HCl . 

0*23 

0*05 

0*15 


It stands to menthol in a simdar relation to that 
in which camphor stands to bornool, as is shown 
by the fact that menthol can be reproduced, from 
its ketone CigllioO by a reaction similar to that 
by wliich horneol is produced from cainphor. 

Menthene CmH^o is a colourless liciuid of an 


It may be prepared by heating 
zinc chloride. See J.Moss (Fharm. 


Am 

and Og '■ 


;■.■); Atldnson and 


- 0*23 0*05 0*15 PEPPERMINT CAMPHOR r>. Cami'hohs. 

PEPPERMINT OIL v . Oils, essential. 
Table IV. PEPSIN. _ Pepsimm { Pepsine , Fr. ; Pepmi , 

■ ' boifl-nnrlqi mnniiHin . •); ^’fipsiu is a fcnncnt or enzyme, exist- 

' . Sm 30 1908 ?48M secretion of the mucous 

. boc. 30^,1908, 1481.) membrane of the stomach or gastric iiiice. 

iMaxi-rMini-lAver- Possesses the _property, _ in presence of 


Loss at 100°C. 

Ether extract, volatile . 

,, ,, xion-volatile 

Iodine number . ” . 

Beducing matters (acid con 
version) as starch 
Eihie .... 
NX6-25 
Ash total 

„ soluble in water 
,, insol. HCl 
Alkalinity of ash, total . 

>> >> sol. in water 


Maxi- Mini- Aver- * f a . m presence ol 

ranm mum age uiiute acid, and, within certain limits of teiii- 

___ — _ perature, of converting albuminous food into 

tfr n'?7 o.'of assimilable peptone. Schwann (Muller’s 

11*99 7-42 9*57 attempt to prepare 

the ferment in a form available for supphdng 
130*8 130*3 133*5 artificial digestion in cases where the natural 

21*4 16*52 10*46 was imperfectly performed. To obtain 


16 * 1 ^ 15*33 ^ SooJ product and to preserve it requires great 
14*06 15*61 care and skill. I’he animals generally selectefl 
t'lo 6*14 sheep, and calf, and the preparation 

0*05 0*08 employed is simply the dried raucous 

6*10 7*04 membrane of the stomach. Details of pre*- 
4*07 4*93 paration are given by Beale (Med. T. Gaz. 


J rrn jy. ■ 1 . 1 1872, 1, 152), Waamann (Lehm. Phys. Chem. 2 

TT ®*c,ndard of the 40), Briicke Sitz. Ber, 43, 601), Schmidt 

department of Agriculture for cayc^^ 01, 22), Liehreich (Praetitiomr 

pepper provides that it shall be the dried ripe I March 1877), Peiit (J. Pharm. Chiim [v.] 2, 85)’ 
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Chapoteaut (Oompfc. rend. 95, 140), Maly {J. pr. 
Ohem, [ii.J 11, 104), Wittick (J. 1870, 894 ), 
Meissner (Z. Rat. Med. 7, 1 ; 8, 280 ; 10, 1 ; 12, 46 ; 
14, 78 and 303) ; also Scheffer (Amer. J. Phavna- 
42, 98; 43, 3; Pharm. J. [iii.] 1, 666; 2, 761 , 
783), Selldon (ibid. [iii. ] 4, 89), Long (Med. Press. 
Oir. 8, 300), Kinkead (Lancet, 1870, 2, 667 ), 
Parr (Med. T. Gaa. 1871, 1, 302), Rennard (J. 
1874, 944), Zwick (Amer. J. Pharm. 43, 261 ), 
Audouard (Year-Book Pharm. 1878, 343), 

Pekelharing (Zeitsch. physiol. Clrem. 22, 233), 
Nencki and Sieber (ibid. 32, 291), Schrumpf 
(Beit. chem. Physiol. Path. 6, 396). 

Pepsin of oommerce varies much in activity 
(Tuson, Lancet, 1870, 2, 212 ; Grierson, Year- 
Book Pharm. 1887, 263). 5 milligrams digested 

with 12-5 grams of coagulated and firm vrhite. 
of fresh eggs and 125 c.c. of acidified water 
containing about 0-2 p.c. of hydrogen chloride 
at 40-5'’ for 6 hours with frequent shaldng should 
give an almost clear solution, containing only a few 
small flakes. This method of testing, which ia 
adopted by the Phariuacopceia, is the outcome of 
numerous investigations as to the effect of differ- 
ent temperatures and different forms of albumen, 
together with the selection of an acid and deter- 
mination of its appropriate strength. Compare 
Petit (J. Pharm. Ohim. [v.j 1, 82 ; 2, 85), Benger 
(Pharm. J. [iii.] 12, 270, 415), Griitzner (Zeitsch. 
anal. Chem. 1874, 106), Vigier (J. Pharm. Chim. 
[v.] 9, 398 ; 9, 461 ; 10, 17), S^ohlickum (Year-Book 
Pharm. 1886, 96), I>a.stre (Gompt. rend. Soc. 
Biol. 1894, 778), Oroner (Virchow’s AroMv. 160 , 
280), Harlay (J. Pharm. Chim. [vi.] JO, 105). 

Peptic activity is inhibited or destroyed by 
antiseptics (Grober, Pfliiger’s Archiv. 104, 109), 
certain bacteria (Papaaotiriou, Arch. Hygiene, 
57,. 269), or by shaldng (Shaldee and Meltzor, 
Proc. Amer. Physiol. Soc. 1908, 29). ] 

Tn addition to the method given above, 
various other methods have been devised for 
the determination of peptic activity (SamojloJr, 
Pfliiger’s^ Archiv. 85, 86; Meunier, J. PIrarin. 
Chim. [vi.] 14, 555 ; Kuttner, Zeitsch. physiol. 
Chem. 52, 63 ; Euld and Levison, Biochein. 
Zeitsch. 6, 473 ; Einhorn, Ohem. Zentr. 1908, ii. 
1295). 

On the question of the identity of pepsin and 
rcnnin, sea Schmidt-Nielson (Zeitsch. physiol. 
Ohem. 48, 92), Gewin (ibid. 54, 32), Bang (ibid. 
54, 359), Haramarsten (ibid. 55, 18), Herzog 
(ibid. 60, 298), Taylor (.1. Biol. Chem. 5, 399). 

A. S, 

PERCARBONATES M2C20„, may be prepared 
by electrolysing a strong solution of the normal 
carbonates at -30° to -40° (Rieseiifold. and 
Reinhold, Bcr. 1909, 42, 4377). The potassium 
salt is a bluish-white, amorphous deliquescent 
powder which decomposes on heating into 
potassium carbonate, carbon dioxide and 
oxygen, and is a strong oxidising and bloaching 
agent. When added to a neutral solution, of 

potassium iodieP. ' '■ ’ -liberates iodine 

thus; K 2020 r, ■■ s ■ ,> -Ig ; uo oxygeii 

being evolved. The above authors regard this 
action as c]\araoteri.stie for the percarbonates, 
and therefore maintain tliat the ‘ peroihrhoimteB,’ 
sucli a.s NaaCO^, obtained by the action of 
hydrogen peroxide on sodium carbonate (Tana- 
tar, Ber, 1899, 32, 1544 ; ‘J, Russ. Phys. Chem. 
Soc. 1902, 34, 952), are additive compounds of 
carbonates and hydrogen peroxide. This con- 
VoL. lY p. 
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colour must gire no intiioation of impurities. 
Methyl alcohol finds little application, largely 
owing to the fact that the commercial alcohol 
contains more or less acetone, which ha.s an 
injurious effect. 95 p.c. alcohol is also used for 
preparing the infusions of the flower pomades, 
1250 kilos, of solvent being used to extract 1000 
idlos. of pomade. The extraction is twice re- 
peated so that three infusions are obtained, 
diminishing in strength. For the cheaper sorts 
of extracts” and toilet-waters, the rectified spirits 
of wine is replaced by potato spirit. 

The least soluble of the synthetic perfumes 
are the artificial musks, of which less than 1 p.c. 
dissolves in alcohol. Ben 2 yl benzoate and 
benzyl cinnamate are used as solvents for these, 
1 kg. of the former dissolving 500 grama ketone 
moschus or 250 grams Muse Baur. 

The extracts which are sold as handkerchief 
perfumes are known as quadruple, triple, double, 
and simple, according to their strength ; 12 

parts of a triple extract will furnish 20 parts of 
double or 30 parts of simple extract by dilution 
with alcohol and water ; in the preparation of 
the double and simple extracts, the second 
infusions of the flower pomades are also utilised. 

For the preparation of aqueous and dilute 
alcoholic toilet waters, only a limited number 
of substances are available, owing to the sparing 
solubility of the majority of perfumes in water. 
The most s(fiuhlo are phenyl ethyl alcohol 
(2 p.c.), benzyl alcohol (1 p.c.) and vanillin 
(0-8 p.c.). 

Relation between ronstiintion and smpll . — 

n-r' V -■'--i-r-. -^be relations between the 

(■ , . 1 ■■ ■ i • of a compound and its 
odour is very scanty. Within tho same class 
of compounds, there is a general resemblance, 
and there is a gradual change of odour in 
passing from one member of a homologous 
series to the next, well-marked, for instance, in 
such a series as that of the fatty esters. Auster- 
weit and Cochin (Compt. rend. 1910, 1.50, 693) 
have studied the effect of the alkyl substituents 
on the geraniol and citroneUol molccnles. In 
citronollol, the introduction of one methyl or 
ethyl group is accompanied by a marked odour 
of tea roses : a second methyl or ethyl group is 
describee! ■ r " ' ’ i ’’our of roses with 

a faint ! ■■ ■ ' ■ ' ■. But if the sub- 
stituent ) . : ! ■ i ;!■ radicle, the rose 

odour a ' ■ ■ ■ ■ ■ ; ' phenyl be the 

entering radicle, the rose odour is much aug- 
mented. Tn geraniol, the introduction of one 
or two methyl groups produces a smell of 
pelargonium leaves ; tho ethyl group appears 
to leave unaltered the odour of the original 
geraniol. The effect of the position of the alde- 
hyde group in the ---V'r— -.-•-i-i-r. ring was 
studied ’ ; sir work on 
ionone .',■■ ■ 366, 119). Their con- 

clusion is’ that aldehydes which are derived 
from cyctogeraniolene form with acetone 
products possessing the odour of violets if the 
aldehyde group is adjacent to the methyl 
groups. The intensity of the odour increases 
with the number of methyl groups which are 
adjacent to the aldehyde group ; if, however, 
the latter he removed from the proximity of 
the methyl groups, tho odour vanishes. Tn his 
work on the nitrobutylxylones (Artificial 
Musks), Baur has also studied the effect of the 
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position of the substituents in the benzene 
nucleus on the smell (Ber. 24, 2832). It is, 
however, difficult to draw any general con- 
clusions : we are met with startling anomalies, 
such as the well-known resemblance between 
the odours of benzaldehyde and nitro-benzene, 
and little can be said save that the part played 
by unsatnrated groupings is important. The 
subject is particularly difScult to investigate, 
since our sensation offers only a vague means 
of classifying and measuring smell. 

The list of substances, used in the com- 
pounding of perfumes is a long one. The most 
important of these are as follows : 

Hydrocarbons. With the exception of sty- 
rene and p-o^ymene, the hydrocarbons which 
occur in the natural perfumes and contribuict 
to their odour belong to tho terpeno group. 
Pinene, with its characteristic odour of pinci- 
neecUes, is the chief constituent of pine-needle 
oil ; d-limonene occurs in the oils of lemon, 
orange, orange-flower, bergamot, &c. ; men- 
thene is found in oil of peppermint and carvene 
in caraway oil (v. Tekpenes). The halogen 
derivatives and a-chloro- and a-bromo-styro- 
lene are used in the preparation of oil of 
hyacinth. 

Alcohols, frhe saturated fatty alcohols 
occur commonly as esters ; the alcohols of the. 
terpene and of the aromatic series are either free 
or in combination with fatty acids. The latter 

are used in prept ■^’hers, the oils 

of rose, jasmine, . 

OLEEINIO TEEPENE ALCOHOLS. 

CitroneUol C,oHa„0 

CHa : C(CH3)CH„-CH„-0Ha-0H(0H3)GH2-GH..OIl 
(GHsjaG : OH-CHa-GHa-GHlCHsjGHa-OHaOH 
b.p. [d -citroneUol] (17 mm.) 117°-118°; sp.gr. 
0-8565 at 17-5° ; [a]^ + 4P at 17-5° ; 1-45679 j 

b.p. [? -citronollol] (15 mm.) 113°-114°; sp.gr. 
0-8612 at 20°; [a]^ -4° 20'; 1-46789 (Tio- 

mann and Schmidt, Ber. 1896, 29, 006). 

f7-Citronellol o"'v-' -—-. -"’r' and in Java 

citroneUa oils ; i ' ' ■ )een isolated 

from geranium and from rose-oils. Prolonged 
discussion has taken place as to the identity of 
citroneUol ■^vith tho alcohols, ‘ rhodinol,’ ‘ re- 
uniol,’ and ‘ roseol ’ isolated from geranium or 
rose-oil. It is now accepted that the last tw(t 
are mixtures of citroneUol with geraniol. The 
evidence as to the chemical identity of the 
Z-rhodinol, described by Barbier and liouvoault 
(Compt. rend, 1897, 124, 1308), is somewhat con- 
flicting, for Schimmel & Co. (Report, Oct. 1904, 
123) showed that citroneUol obtained by the re- 
duction of citroneUal gave apyroracomic ester, the 
semi-carbazone of which was identical with that 
similarly obtained from rhodinol, each melting 
at 110°-111°. The most satisfactory exjilan.-i- 
tion of the discrepant results obtained by different 
observers appears to be that recently offorcKl by 
Harries and Himmolmann ( Ber. 1908, 41, 2187), 
who, from studying the action of ozone on the 
citroneUa compounds, arrived at the conclusion 
that , citroneUol consists of a mixture of two 
isomerides, differing in the position of tho 
double bond as represented above. By the 
1 action of ozone on citroneUol, 20 p.c. of acetone 
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is produced corresponding to 20 p.c. of tlie ] 
rhodinol structure (OH3)aO=C'<^. The evidence i 
for the formula of citroneUol is based chiefly i 
upon the behaviour of the corresponding aide- t 
hyde, citroneKal (v. infra). 

CitroneUol occurs in company vdth geraniol : ' 
the boiling-points of both alcohols lie very close 
to each other, but geraniol is the leas stable and 
may be destroyed by heating with phthalic ■ 
anhydride at 200° or with benzoyl chloride at , 
140°-160° (Barbier and Bouveault, Compt. rend. ; 
1896, 121, 630). atronellol may be obtained 
from oitronella oil by reducing with sodium 
amalgam and acetic acid when the aldehydes 
citral and citronellal arc reduced to citroneUol. 
The mixture of geraniol and citronellol is then 
treated with phosphorus trichloride in ethereal 
solution at a low temperature ; a phosphite of 
citroneUol is formed which _ is extracted by 
water, geranyl chloride remaining in the ethereal 
layer (Tiemann, Per. 1896, 29, 921). 

Cold dilute KMnOi oxidises citroneUol to a, 
polyhydric alcohol, converted by chrormc acid 
mixture to acetone and ^-methyl adipic acid. 

It is characterised by a liquid phthalic acid ester 
giving a crystalUne sUver salt, and by its oxida- 
tion to citroneUal, the latter being identified by 
its semi-carbazone (m.p. _ 84°)_ or its compound 
with ^-naphthocinchoninic acid. it rv 

The isomeric alcohols of the formifla CjoHisO, 
Unalool, geraniol, and nerol, rea.dUy undergo 
mutual transform?«tion. Thus if geraniol bo 
heated at 200° with water in an autoclave, 
linalool is formed (Schimmel Rei)ort, 

1898, 26). When treated with hydrochloric 
acid, geraniol is converted into linalyl chloride, 
from which linalool may bo obtained by the 
action of alcoholic potash or of a solution of 
silver nitrate (Tiemann, Ber. 1898, 31, 832 ; 1895, 
28, 2138). On the other hand, by the action 
of acetic anhydride on linalool, a mixture of 
the acetates of and 

formed (Tieman- . Ber. 1896, ^8, 

2137; Tiemann and vSemmler, ibid. 1893, 

2714 - Stephan, J. pr. Chem. 1898, [ii.], 58, 109 ; 
Zeitscheh Ber. 1908, 39, 1780). They fre- 
quently occur together and have all three been 
detected in the oils of rose, neroli, petit grain | 
and Unaloe. 

(ci hC °OIPCHo-OH 2-C^ : OH, or 

GH2 : C(CH3)OH2-CH2-OH2-C(CH.O(OH)CH : OH3 
b.p. 198®-199° (13 mm.) S8-3°-89-6° ; sp.gr. 0-870 
at 16°, Wd* 1*46638 (Gildmeister, Arch. Pharm. 
1895, 233, 179) ; Minalool [a]jj —20° 7' : <Z-linalool 
[a'Jj, + 19° 8' (Stephan). 

Linalool is the chief constituent of linaloe 
oil- it occurs as the I form in the oil 
from riavenne, and both as d and I forms 
in that 'from Mexico. Amongst other oils 
in which it has been detected are coriander 
(fZ) sweet orange {(1), nutmeg (d), ylang- 
vlang [1), rose ' (Z), reunion geranium (Z), 
petit-arain (Z), bergamot (Z), neroh (Z), lemon (Z) ; 
in the four last of these and in lavender and 
iasmine-flower oils, it is also present as the 
acetate • the butyrate occurs in lavender oil 
and the isobutyrate in Ceylon einnamon oU 
and the iso valerate in the oil of sassafras leaves. 
It is isolated by fractional distUlation and 


purified by the action of phthaUe anhydride on 

its sodium compound ; ''■■■ -''-’ '^'■^halate 

is soluble in water and ' " 1 ' 

alcohoUc potash, the linalool may he extracted 
with ether. Citral is obtained by oxidation 
with chromic acid mixture (Bertram and 
Waldbanm, J. pr. Chem. 1892, [ii.] 45, 599). 

DUute KMnO^ in the cold oxidises it to 
polyhydric alcohols, which are converted by 
chromic acid mixture into acetone and laevnlic 
acid (Tiemann and Semmler, Ber. 1895, 28, 
2130) ; by reduction with nickel and hydrogen, 

2 : 6-dimethyl octane has been obtained (Ber. 
1908, 41, 2083). 

It may be identified by its phenyl urethane 
(m.p. 6.5°-66°) or its a-naphthyl urethane (m.p. 
63°) or it may he oxidised to citral. 

Geraniol CmHisO 

(CH3)2C : 0H-CH2-CH2*C(CH3) : CH-CHaOH 
b.p. (17*" mm.) 120-6°-122-5° ; sp.gr. 0-8894 at 
20°; 1-4766 (Tiemann and Semmler, Ber. 

189i 26, 2711). . . * 

Geraniol forms the chief constituent oi 
Palmarosa and of German and Turldsh rose oils 
and occurs in geranium, citroneUa, lemongrass, 
and many other oils. It is also found as ace- 
tate, isovalerate, w-caproate, and tiglate. It is 
isolated by fractional distillation and purified 
either by means of its crystalline pomppund 
with calcium chloride (Bertram and GUdnieister, 

J. pr. Chem. 1896, [ii.] 53, 233 ; 1897, 66, 507), 
or by treating its sodium compound \'nth 
phthalic anhydride in benzene solution C^ke- 
mann and Kruger, Ber. 1896, 29, 1901 ). By 
oxidation with chromic acid mixture, citral is 
obtained (Tiemann, Ber. 1898, 31, 828), from 
which aeraniol may again be obtained by 
tion. The catalytic action of_ copper at a higb 
temperature has also been ntHiseu for Hie oidda- 
tion of geraniol to citral (Bouveault, Bull. Soc. 
chim. 1908, [iv.] 3, 119). _ The action of chromic 
acid mixture after treating with Is.Mn04, Pf®' 
duces acetone, laevulic, and oxalic acids 
(Semmler, Ber. 1893, 26, 2720). Geraniol is 
more slahle than linalool to the action of acids 
and is quantitatively converted by' acetic anhy- 
dride into geranyl acetate. By the action 01 
dilute H2SO4, terpiii i^y,^rate is obtained 
(Tiemann .and Schmidt, ibid. 1895, -j 8, 2138) . 
concentrated formic acid reacts forming a- 
1 terpineol, terpinene and dipentene 
' Gfidmeister, J. pr. Chem. 1894, [u.] 4:9’ 19 ; 

Stephan, ibid. 1899, [ii.] 60, 244). fihe phthalic 
: acid ester (m.p. 47°), the a-naphthyl urethane 
(m.p. 47°-48°), and the _di-phenyl urethane 
(m.p. 124°) are characteristic. 

Nerol 0, nHj s^O, stereoisomeric with geraniol ; 
b.p. 226°-227° : 125° (25 mm.); sp.gr. 0-8813 at 
1 15° ; occurs in neroli-ofi, chiefly as e*cetate (Hesse 
I and Zeitschel, J. pr. Chem. 1902, [in] 06,. 502), 

• in rose, linaloe, and petit grain oiB, and iri tne 
. oil of Helichrnsum angustifoUum (Heme te Co., 
D. R. B. 209382). It may be obtained by the 
’ action of acetic anhydride on linalool (Zeitschel, 
i Ber. 1906, 39, 1780) ; about 5 p.c. is formed on 
^ reducing citral. It has a rose-like smell and in 
1 chemical behaviour resembles geraniol. Nerol 
1 does not, however, give a crystalliw compound 
1 with CaOla and reacts with dilute^ HgSUi, torm- 
i 1 ing terpiii hydrate more readily than does 
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geraniol. Its di-phenyl urethane melts at 
52°-53“. 

OYOMO TEKPBN.E ALCOHOLS. 

Terpineol v . Tekpbnes. 

Borneol v . Camphoes. 
isoBorneol v . Camphoes. 


AEOMATIC ALCOHOLS. 

Benzyl alcohol CoHE-OHaOH; b.p. 205°, 
1-05 at 15°, n^° 1-540 ; occurs free in 
tuberose, ylang ylang, carnation, jasmine oils, &c. , 
as acetate in ylang ylang, hyacinth, and jasmine 
oils, as benzoate (ylang ylang), oinnamate, 
salicylate (ylang ylang), and phenyl acetate 
(neroli). It is manufactured by the action of 
lead oxide at 100° or of potassium carbonate on 
benzyl chloride, or by the action of potassium 
acetate and saponification of the acetate formed. 
It is characterised by a phenyl urethane (m.p. 
78°), a phthalic acid ester (m.p. 106°-107°), and 
a semi-carbazono of its pyroracemic ester 
(m.p. 176°). 

Phenyl ethyl alcohol Oell.-CHo-OPIsOH; 

b.p. 220°-222° (740 mm.), sp.gr. 1-2042 at 15°, 

1-53212 j occurs in rose and neroli oils as 
benzoate and .y ; preparing 

rose-oil by ■ ■ , much of the 

phenyl ethyl alcohol is lost. It is obtained by 
reducing (1) phenyl acetaldehyde \vith sodium 
amalgam, and (2) phenyl acetic ester with 
sodium and alcohol ; in its manufacture other 
methods are probably used. I( p::'iPi d by 
means of its compound with c il-d'i’i . ■■■■.i .-i 
(Bouveault and Blanc, D. R. P. 164294 ; Compt. 
rend. 1903, 136, 1676 ; 1903, 137, 60). It may 
be separated from citronellol and geraniol by its 
greater solubility in dilute alcohol. The phenyl 
urethane molts at 80°, the phthalic acid ester at 
188°-189°. 

Phenyl propyl alcoholOttHji-CHa-OHo-CHsOH; 

b.p. _235°,_ sp.gr. l-007_ at 16°. Tins alcohol, 
hyacinth-like in odour, is obtained by reducing 
cinnamic ester with sodium and alcohol 
(Schimmol, D. R. P. 116091) or by reducing 
benzyl aceto-acotic ester (Bouveault and Blanc, 
.D. B. P. 164294). The phenyl urethane melts 
at 47°-48°. 

Cinnamic alcohol ( v . Cihhamio Alcohol). 


ESTEES. 

The methods used in the preparation of 
the eaters are (1) the action of hydrochloric 
acid on a mixture of alcohol and acid; (2) 
the action of the alcohol or its soflium com- 
pound on the fatty acid anhydride or chloride, 
the reaction on the large scale being carried out 
in pyridine solution. 

In preparing the esters of those olefinic 
terpene alcohols which themselves undergo 
change on heating with acid reagents, a mixture 
of the alcohol and acid may be treated with 
small quantities of a mineral acid below 30° 
(Bertram, D. R. P. 80711). 

The fatty acid esters find wide application 
as fruit essences. A list of those more especially 
used in perfumery is appended. 


Ester 

Boiling-point 

Synthetic oil 
In which used 

Bornyl formate 

90° (10 mm.) 
97°-100° (10 mm.) 

Lime blossom 

Citronellyl „ . 

Geranium 

Geranyl „ . 

Amyl acetate ! 

119°-121" (15 mm.) 
112° (760) 38° (12 mm.) 

” 

Benzyl ,, 

262" (760) 

.Tasniine 

Bornyl ,, 

98° (Kjmih.) 


Geranyl ,, 

128°-129° (16 mm.) 

Bose 

Linalyl - ,, 

97° (10 mm.) 

Bergamot 

Phenyl ethyl ,, 

Orange llower 

Terpineol ,, 

110°~115° (lOinm.) 

Bergamot, 


Lilac 

Geranyl propio- 


Bergamot 

nate . 



Geranyl butyrate 
Geranyl caproate 
Ethyl oonanthy- 
late 

Ethyl pelargonate 


Geranium 


A large number of patents deal with, the 
preparation of the esters of the cyclic terpene 
alcohols : thus in preparing isoborneol esters, 
camphene and the fatty acid may be heated 
with PgOB (Schindelmeiser, B. R. P. 229190), 
pineno hydrochloride warmed with the fatty 
acid, and anhydrous zinc sulphate (D. R. P. 
196017), &c. 

Amongst the aromatic acid esters used are : 


Ester • 

j 

Boiling-point i 

Synthetic oil 
in which used 

Methyl benzoate 

199-2° (746 mm.) 

Ylang - ylang, 

Ethyl 

211° ■ - ■ 

liyaeintii 

Ylang-yhuig 

Benzyl ,, 


uu-gely used 

Phenyl ethyl,, 
Linalyl 

Mpthyl salicylate 

217° (730 mm.) 

as a solvent 
for non - al- 
coholic) per- 
fumes, e.g. 

; artificial 

1 niu-ska 
Hyacinth 
Ylang-ylang 
Oil of winter- 

Ethyl ,, 

Amyl ,, 

234° (743 mm.) 
276°-277°(743mm.) 

green 

Clover 


The esters of the unsaturated and ketonic 
fatty acids also find considerable application. 
The ttyS-unsaturated acids, e.g, nonylenic acid, 

may be prepared V; .I-- ■ ‘ ’ lehydes with 

malonic acid in | ■ . (Weizmann 

and Harding, Ghe: ■. -ilO, 97, 299). 

The acetylene carboxylic j — ' 

by acting on the sodium • ■ ■ ■ : 

acetylene hydrocarbons witn (jUg in etnereai 
solution. Heptine (C^Hig) and octine (Cf,H,d 
are thus converted to octinic and noninic acids ; 
on boiling these -with alcoholic caustic potasli, 
esters of ;3- ketonic acids are obtained (Mouron, 
D. R.PP. 132802, 1902 ; 133631; 158252, 1905). 

These esters are also directly prepared })y 
treating the sodium compounds of the hydro- 
carbons with ohloroformic ester in ethereal 
solution. 

PHENOLS ANH THBIE ETHERS. 

w’oEugenol { v . Ehgenol). 

Anethole { v . Anethole). 

Thymol { v . Phenol and its Homologites). 

Naphthol { v . Naphthalene). 

The methyl and ethyl ^-naphthyl ethers are 
both known as ner(jlin, the former as yara-yara. 
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the latter as bromelia. In very dilute solution, 
the odour reaeiublcs that of orange-flower. 

ALUJiillVDlSS. 

General iuethods used for the production of 
higher fatty aldehydes are — 

(1) The reduction of the ester of the corre- 
sponcling acid to the alcohol and subseq[uent 
oxidation of the alcohol, heated copper being 
used as the catalytic agent. 

(2) The method of Darzens (D. R. P. 174239, 
174279), by which a ketone is condensed with 
chloracetic ester in the presence of an alkaline 
condensing agent ; on heating the glycidic acid 
thus obtained, GO 2 is evolved and the aldehyde 
formed. A large number of aldehydes have 
been produced by this method. 
(OH3)2CO+01GH2-OOOEb->(OH3)20-CIl-COOEt 

V 

O 

(CH3)o0-CHG00H=(CH3)„0H‘CH0+002 

V 

0 

Higher fatty aldehydes have been detected 
in oils of rose, lemon, &c. 

«-Octaldehyde G^HijO ; b.p. (10 

mm.), sp.gr. 0-827 at 15 , 1-41955. Pre- 

pared from octyl alcohol (Sohimmel, Rep. 
J8!)9, 25). The /3-naphthyl cinchoninio acid 
derivative melts at 234°. 

w-Nonaldehyde ; b.p. 80°-82° (13 

mm.), sp.gr. 0-8277 at 15°, 1-42452. First 

detected in rose-oil (Schimmed, Rep. 1900, 63) 
and subsequently in orris, cinnamon, mandarin 
and lemon oils. 

A yield of 71 p.c. is obtained by distilling 
a-hydroxydecoic acid (Bagard, Bull. Soc. 
chim. 1907, iv. 346 ; Bouveault and Blanc, 
Compt. rend. 136, 1903, 167). Identified by 
the oxime (m.]-). 69°), serai-carbazono (ra.p. 100°) ; 
yields pelargonic acid (b.p. 252°) on oxidation. 

a-Decaldehyde C,pHo„0, b.p. 93°-94° (12 
mm.), 207°-209° (755 nun.), sp.gr. 0-828 at 
1.5°, 1-42977 (Stephan, J. lu-. Ghem. 1900, [ii.] 

62, 525). Occurs in orris, neroli, mandarin and 
other oils. A jdeld of 62 p.c. is obtained by 
distilling a-hydroxyundecylic acid, fl’he oxime 
melts at 69°, somi-carbazone at 102°, ;8-naphtho- 
cinchoninic acid compound at 237°. 

OLBjriNIC TBBPENB ALDEHYDES. 

Citral (goranial), OxoH,„0 
(fl) (GHaloG : 0H-GIl2-GH„-G(GH3) : GH-CHO 
(/;) GHa : C(GH3)CH2-GH2-GH2-G(CHs) ; GH-GHO 
b.p. 110°-112° (12 mm.); sp.gr. 0-8972 at 15'^, 

1-4931. Occurs in lemon grass, citroneUol, 
rose, and many other oils, as two stereoisomerio 
forms (a) and {h) (chiefly as the former), giving 
somicarbazones melting respectively at 164° 
and 171° (Tiemann, Ber. 1899, 32, ‘ 116}. On 
oxidising geraniol with chromic acid mixture, 
a 30-40 p.c. yield of citral is obtained, and it is 
also formed when linalool and nerol are oxidised. 
It has been synthesised by distilling a mixture 
of the calcium salts of geranic and formic acids. 

On heating with acids, ' - - '--r-' - 

(Tiemann, Ber. 1899, -i.', ; ' - ' 

soda, methyl heptenone and acetaldehyde are 
formed. Oxidation with chromic acid mixture 
converts it into methyl heptenone, but if first 


oxidised with cold permanganate and then with 
chromic acid, acetone and laevulio acid result. 
In acetic acid solution, it is reduced by sodium 
amalgam to geraniol. The action of sodium bi- 
sulphite produces different compounds according 
to the conditions (Tiemann, ibid. 1898, 31, 3317). 
The normal compound from which the citral 
may again be regenerated by the action of 
alkalis, is formed in the presence of a small 
quantity of sulphurous acid. The ^-naphtho- 
cinchor'"'' ■ ;• -1 (m.p. 200°) is rxsed 

for its . ■ . 

Citronellal 

(GH3)2G : GH-0Ha-GH.,-GH(CH3)GHo-CH0 
GH2:G{GH3)GHa-GH2-OH2-GH(GH3)CH2-GHO 
b.p. 206°-298°, 103°- 105° (25 mm.); sp.gr. 
0-8538 at 17-5", nu 1-4481, an 12° 30'. Occurs 
chiefly in citroneUa oil. It is reduced by 
sodium amalgam to citroneUol ; the action of 
acids results in closing the ring, isopulegol being 
formed. The action of sodinm bisulphite has 
boon studied by Tiemann (Ber. 1898, 31, 3306). 
By adjusting the conditions, methods of separa- 
ting citral and citroneUal have been devised. 
Thus whilst citral reacts with dilute solutions 
of sodium bis-ulphite and bicarbonate, citroneUal 
reacts only with concentrated solutions (Ber. 
1899, 32, 816). Much discussion has taken 
place as to the identity of natural citroneUal 

wit’* * - d obtained by oxicUsing rose- 

(jU ■ ■ .atter compound being desig- 

nated by Barbior and Bouveault as rhodinal. 
The conversion of rhodinal to menthone under 
the influence of acids is affirmed by Barbior and 
Bouveault (Gompt. rend. 1896, 122, 737 ; 1904, 
138, 1699 ; Bull. Soc. cbim. 1900, [iii.] 23, 468), 
although denied by Tiemann and Schmidt (Ber. 
1897, 30, 38). 

Harries and Himmelmann (Ber. 1908, 41, 
2187) have since shown that in citronellal the 
two isomeric compounds formulated above arc 
present. The scmicarbazone (m.p. 82-6°) and 
/3-naphthyl cinchoninio acid compound (m.p. 
226°) are characteristic. 

AKOMATIO ALDEHYDES. 

Benzaldehyde GflH--GHO (x^.Benzaldehydb). 

Phenyl acetaldehyde GflHs-GHa-GHO ; b.p. 
75° (5 mm.), sp.gr. 1*0315 at 15", n^’ 1-52636 
(Schimmcl and Go.). This may be obtained from 
phenyl ciiior (or a-brom) lactic acid or from 
phenyl and a-brom-styrol. -----■'---Vp 

agents it is converted into the ■■ ■ ■ ■ ' E 
It is unstable and tends ■ " ' .1. 

keeping. 

Cinnaraaldehyde OjHg-CHtCH-CHO {v. 
OiHNAMic Aldehyde). 

Salicyaldehyde CbH4(0H)CI10 {v. Salioylio 
Aldehyde). 

Anisaldehyde G„H,i(OGHg)GHO, p-raothoxy 
benzaldehyde (Aub^pine); b.p. 248° (corr.), 91° 
(4 mm.), sp.gr. 1-126-1-129 at 16°, 1-672. 

Prepared by the oxidation of anise oil, consisting 

OH : OI-I-OI-T3 

x'-,. 

chiefly of anethole j | with about 

'\/ 

OMe 

10 p.c. of the isomeric estragolc. The oxidising 
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agents used are dilute nitric acid, chromic acid The orris root is extracted with ether and 
mixture or ozone. It is also obtained by the the extracted matter distilled in steam. The 
methylation of p-’" > "w’ ’ h' The volatile fraction contains ironc, myristic, and 

semi-carbazone me , e two oleic acids and their esters and oleic aldehyde. 

modifications of the oxime at 63“ and 132° The acids and esters are removed by treating 

respectively. with alcoholic potash, the aldehydes oxidised 

OHO by means of silver oxide, and finally the irone 

/"'x ! separated by conversion into its phenyl hydra- 

Vanillin | IqoH zone (Tiemann and Kruger, Her. 1893, 26, 

® 2675). It may be obtained more conveniently 

OH from orris-root oil by fractional distillation. 

OHO The smell of the pure substance is sharp 

/^X when concentrated, but if largely diluted, 

Heliotropin | methylene proto- resembles that of violets. Its synthesis has 

(Piperonal) \,/^\ been accomplished by Merling and Wekle 

0 CHj, (Annalen, 1909, 366, 119) who, starting from 

catechuic aldehyde. White crystals, m.p. 36° ; *^propyiidene acetoacetic ester, succeeded in 
b.p. 236°. Heliotropin has the characteristic obtaining A-4-cyctocitral ; C)n condensing this 
odour of t)ut it has only been acetone, irono was produced, 

detected ■ ■ the flowers of /Spircea is characterised by a jj-bromophenyl 

ulmaria (Lirm.). It was originally synthesised by hydrazone (m.p. 174 -175°), and an oxime 

Fittig and Miolk from piperonylic acid, and was (™'P' 121 'o ), crystallising with difiieulty. 


prepared from pipeline. Ground pepper is 
mixed with slaked lime and water, evaporated 
to dryness and extracted with ether. The 
residue is boiled with alcoholic potash and 
the potassium piperate formed oxidised with 
permanganate. From the filtered solution, 
heliotropin crystallises out. It is now manu- 
factured by the oxidation of fsosafrol with 

r : , — .--j-.; chromic acid. The product 

.1 ,, extracted with ether and 

purified by means of its bisulphite compound. 
The yield produced by oxidation of safrole is 
much less, so that the safrole is converted first 
to tsosafrole by boiling with alcoholic potash. 
OH : CH-CHa CHg-GH : OHa 
/\ /\ 

I U I 1 


lonone CjaHauO 
GH 
CI-1 


1 > 

:CH-CO-OHa 

0 

0H3 OHa 


G-CHa 

G-GM;OH-CO-GHa 


OHaCH, 


0 GHa 0 OH3 ^ " 

The use of ozoue as oxidising agent gives a good a-Ionone, b.p. J23°-124° (11 mm.), sp.gr. 0-932 
yield of a pure product (Otto). It may also be at 20°, 1-4980; ^S-Jonone, b.p.' 127°-^l28-5° 

prepared by the action of methylene iodide on (ly ,nm.), sp.gr. 0-946 at 17", r/"“ 1-521. 

protocatechum aldehyde m presence of alkali. lonone, obtained by Tiemann and Kriiger 
Since its introduction in 1879, the price has isno on u,uu xviuger 

fnUnr, lur. T+ 1893, 26, 2691) man unsuccossful eiidcavour 


fallen from £150 to 30s. per kilo. It must 
be kept in a cool, dark place since it becomes 


)ne, _forms the basis of synthetic 
Citral and acetone interact, in 


atahoUc Stlon. l“m,; ■' SXTu SSA 

semioarbazone (m.T). 224°-225°l. bv reduction t,rt ® ‘‘ (12 mm.) 


semioarbazone (m.p. 224°-226°), by reduction to 
piperonyl alcohol (m.p. 61°), or by oxidation to 
piperonylic acid (m.p. 228°). 


The most important members of this class 
are irone, the odoriferous principle of orris-root 
ionono, the basis of the synthetic violet perfumes, 
and jasmone, the ketone isolated by Hesse from 
jasmine oil, the constitution of which is as yet 
unknown. 

Irone C13H30O 

OH 2 

HsC-HCj^XoH 

CH3-00-0I-I:CH\/®^^ 

C(CH3)2 

b.p. 144° (16 mm.); sp.gr. 0-939 at 20°, [a]jj 
•+■40°, Ujf 1-60113 (Tiemann and Kruger). 


b( iioH-CHO+™a-00-OH, 

C(CE,), 


f’CH, 

I'GH-OH : CH-CO-CHa 


I This, when treated with acids, is converted into 
I a mixture of the isomeric cyclic ketones a- and 
I ionone. As the alkaline condensing agent 
I dilute baryta water may be used, or the dry 
I mixture of citral and acetone may bo shaken 
I with dry sodium peroxide (Kayse, D. R. P, 
127661), or with PbO, LaO, or borates (Haar- 
man and Reimer, H. R. P. 130457). The 
proportion of «. or 0- compound produced 
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depends on the nature of the acid chosen to 
effect the closing of the ring. Concentrated 
sidphuric acid, or the prolonged action of dilute 
acids produces chiefly the 13- compound, concen- 
trated phosphoric or formic acids almost entirely 
the a- derivative. a-Ionone is transformed by 
■ ' 1 ' > the /8- compound. 

■. devised for the 
separation of the a- and /3- forms. If the mixed 
bisulphite compounds be distilled in steam, 
13- ionone distils over ; the a- compound remains 
behind in combination and is liberated on the 
addition of alkali. The difference in solubility 
of the semicarbazones may also be utilised. 

a-Ionone is characterised by a p-bromphenyl 
hydrazone (m.p. 142°-143°). 

j3-Ionone is characterised by a p-bromphenyl 
hydrazone (m.p. 116°-118°). 

The semicarbazones melt respectively at 
107°-108° (a) and 148° {13}. 

' A large number of patents deal with the 
preparation of similar products. Homologues 
of acetone and other ketones may replace 
acetone (Er. Pat. 269884). Ivalderine is thus 
produced by condensing with methyl ethyl 
ketone, ianthone with methyl pentenone (Er. 
Pat. 278333), ganthone with mesityloxide 
(D. R. P. 118288). Calcium chloride and iron 
chloride have also been used as condensing 
agents. The characteristic violet odour of these 
compounds only becomes apparent in dilute 
solutions. 

Ionone hydrate and its homologues prepared 
by condensing citral hydrate with acetone are 
also described (Ooulin, D. R. P. 198483, 200654). 

LACTONE. 

Coumarin (v. Ooumaein) has the scent 
characteristic of new mown hay. 

OXIDE. 

Cineol {v. Camphors). 

COMPOUNDS CONTAINING NITROGEN. 

Indole, a constituent of jasmine flower oil (v. 
Indoles). 

Scatole occurs in civet (p. Indoles). 

Methyl anthranilate, m.p. 24°-25° j b.p. 132° 
(14 mm.), sp.gr. 1-168 at 15'^, Occurs in neroli, 
tuberose, ylang-ylang, jasmine flower, bergamot 
and other oils. It consists of white crystals 
which show a blue fluorescence ; solutions are 
also fluorescent. 

Methyl methylanthranilate, m.p. 18-5°-19-5°; 
b.p. 130° (13 mm.), sp.gr. 1-120 at 15°. Occurs 
in mandarin oil. 

Nitrobenzene is used as a substitute for bitter 
almond oil. 

Trinitro-tert. -butyltoluene 

(N02)3C6H(CH3)C(CH3)3 
(Tonq[uinol or Muse Baur), pale yellow crystals 
(m.p. 96°-97°). Prepared by condensing iso- 
butyl chloride with toluene in the presence of 
AlGlg and nitrating the product formed ; during 
the process, the isobutyl is transformed to 
tertiary butyl. The butyl toluene is added to 
5 times its weight of a mixture of 1 part HNO3 
(1-5) and 2 parts fuming H2SO4 containing 
15 p.o. anhydride and heated at 100° for 8-9 
hours. 


THE USE OE SYNTHETIC SUBSTANCES IN THE 
BLENDING OP PERFUMES. 

By suitably mixing and diluting the com- 
pounds enumerated above, a great variety of 
perfumes may be produced and many of the 
natural oils and extracts imitated. The exact 
composition of these substitutes varies with the 
particular maker and is kept as a trade secret. 
As far as possible, a knowledge of the composi- 
tion of the iiatiual oil serves as a guide in choosing 
the constituents ; in the blending of perfumes 
the best results appear to be obtained by the 
addition of both natural and synthetic products. 
Thus, in the group of perfumes, jasmine, lilac, 
muguet, &c., jasmine oil is added to a mixture 
of synthetic substances. 

Bergamot. The natural off. contains about 
38 p.c. of linalyl acetate ; other constituents are 
limonene, di-pentene, linalool, camphene, octy- 
lene, acetic acid (Burgess and Page, Chem. Soc. 
Trans. 1904, 86, 1327), and two substances of 
unknown constitution, bergaptene 
CuHgOa-OCHg 

(Pomeranz) and bergaptine, a coumarin-like 
substance, melting at 59-6° (Soden and Rojahn, 
Pharm. Zeit. 46, 778). The main constituent 
of the S3mthetic off. is linalyl acetate ; terpineol 
acetate, geranyl propionate, and geranyl methyl 
ether are also used in its preparation. 

Carnation. Eugenol, fsoeugenol, caryophyl- 
lene are used as ingredients of oil of carnation. 

Hawthorn. The scent of the hawthorn is 
faithfully reproduced by anisaldehyde (Aub6- 
pine). 

Heliotrope. Attempts to identify helio- 
tropin in the extract of heliotrope flowers have 
failed ; the odour of synthetic heliotropin 
closely resembles that of the heliotrope flower 
and is the basis of aU the helic' ; 

Its odour is improved by the . ■ . . 

marin and vanillin and by blending with rose 
or jasmine oil. 

Hyacinth. Enklaar (Ghem. Weekblad, 1, 
1910, 7) identified benzyl alcohol, benzyl ben- 
zoate, and ethyl cinnamate in the essential oil 
of hyacinth ; he failed to detect methyl anthrani- 
late. Ginnamic alcohol is especially charac- 
terised by a hyacinth-hke smell. The following 
constituents are used in preparing an off. of 
hyacinth : phenyl ethyl alcohol, cinnamic 
alcohol, phenyl ethyl aldehyde, methyl benzpate, 
phenyl ethyl acetate, methyl and ethyl cinna- 
mates, terpineol, and a-ohlor- and a-brom- 
styrolones. 

Jasmine. The oil extracted from the 
pomade obtained from jasmine flowers by the 
process of enfleurage was shown by Hesse to 
have the following composition (Ber. 1899, 32, 


2611). 

Benzyl acetate . .65-0 p.c. 

Linalyl acetate . . 7-5 „ 

Benzyl alcohol . . 6-0 „ 

Linalool . . ■ 16-0 „ 

Indole .... 2-5 „ 
Methyl anthranilate . 0-5 „ 


Jasmone (a ketone OnHigO) 3-0 „ 

The methyl anthranilate cannot be extracted 
directly from the plant, but appears to be formed 
during the process of enfleurage. By distilla- 
tion with steam, 0-4 p.o. methyl anthranilate 
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was obtained. The oil obtained by distilling 
the f re.sh flowers was found to be free from indole 
(Hesse, Her. 1904, 37, 1457). 

Elze (Ghcrn. Zeit. 1910, 34, 912) found, in 
addition to the above, cinnaniyl acetate, geraniol, 
23-cresol, and js-crosyl methyl other. The 
synthetic oil consists chiefly of benzyl acetate 
and benzyl alcohol to which cinnamic acetate, 
linalool and its acetate, indole and methyl 
anthranilate may be added. The substance 
peculiarly characteristic of the jasmine scent 
appears to be the ketone jasmone, which cannot 
yet be obtaine , I Ty. A proportion of 

jasmine oil is i- ■ . . -i to the mixture of 

synthetic substances, as the oh. prepared only 
from synthetic substances is not entirely 
satisfactory. 

Lilac. Terpineol is the characteristic con- 
stituent of lilao perfumes. Commercial terpineol 
is prepared by the action of dilute acids on 
terpin hydrate, the fraction boiling up to 216°, 
being known as terpinol and terpinolene, above 
216° as terpineol. Commercial terpineol is 
obtainable both in the solid and liquid forms, 
the latter r”'"!:: C'-r -'ore intense odour. It 
contains , and terpinolene. 

Lily of the Valley (Muguet). Terpineol is 
also used as a constituent of the lily of the 
valley perfumes -with geraniol and citronellol. 
A mixture of 90 p.c. terpineol and 10 p.c. palma 
rosa oil has a strong muguet odour. Linalool, 
benzyl alcohol and its acetate are amongst the 
other constituents employed. 

Musk. Natural musk, obtained from an 
abdominal gland of the musk deer {Mosclim 
moscMferus), owes its characteristic odour to a 
ketone, muscone (O1BH30O or O15H28O) ; the 
distillate obtained on distilling the secretion in 
steam is extracted with ether, treated with 
alcoholic potash, washed with water and finally | 
distilled in vacud. The ketone passes over in | 
the fraction boiling at 146°-147° (3 mm.). I 
Muscone is now sold in alcoholic solution. As 
early as 1769, Margraff had obtained a product 
smelling of musk by treating amber with nitric 
acid, in 1878, von Gerichten observed the 
musk-like odour of ehlor- and brom-nitro- 
cymenes and three years later, Kolbe prepared 
another musk-scented compound, di-nitro- 
w-cymene. In 1888, Baur took out the first 
patents for the preparation of artificial 'musk 
and has since made an exhaustive study of the 
groups in the benzene ring conditioning the 
musk-like odour. Two nitro- groups must be 
present, and a third negative group symmetri- 
cally arranged ; the three other positions are 
filled by alkyl groups, of which one must be a 
tertiary radicle. A large number of these 
artificial musks, di-nitro- or tri-nitro- deriva- 
tives of tert-butyl-toluene or -xylene, have 
been introduced. The most important of these 
are 

Muse Baur 1 

Moschus . I Trinitro-tert-butyltoluene 
Tonquinol . j 

Trinitro tertiary-butylxylene 
Musk ketone Uinitro-terb-butyl-m-xylylmethyl 
ketone 

Musk aldehyde Dinitro-butyl-w-xylyl alde- 
hyde 

Orange-flower (synthetic neroli oil). The 


composition of a specimen of the natural oil is 
given as follows (Hesse and Zoitschel, J. pr. 


Uhem. 1902, [ii.] 66, 481) : — 

I'-c. 

Hydrocarbons (pinene, oamphcnc, dipen- 

tene and a paraffin Oj-) . . . 35'0 

Terpene alcohols and acetates — 

1-Linalool 30-0 

1-Linalyl acetate . . . .7-0 

d-Terpineol . . . . .2-0 

Geraniol and nerol . . . . 4'0 

Geranyl and neryl acetates . .4-0 

d-Nerolidol . . . . .6-0 

Methyl anthranilate . . . . O-C 

Acetic and palmitic acids . . . O-l 

Indole ....... 0-1 

Resin and loss (decylic, phenyl acetic 

acids, &c.) . . . . 11 ‘2 


100-0 

Methyl and ethyl j8-naphthyl ethers are em- 
ployed as substitutes for neroli ofl. ; a mixture 
of the two was originally introduced as nerolin, 
the former is now known as yara-yara, the latter 
as bromelia. In the composition of the syn- 
thetic oil, geraniol, linalool, nerol, and their 
acetates with methyl anthranilate are used. A 
solution of 40 grams of the synthetic oil in 1 kg. 
of alcohol constitutes the tincture used as the 
equivalent of the first infusion of the flower 
pomade. 

Rose. The natural oil was shown by 
Markownikoff in 1891 (Ber. 23, 3191) to consist 
of an inodorous hydrocarbon, stearoptone, 
melting at 36-6° and a liquid portion, eleoxhene, 
from which two substances, having the com- 
position OipHigO and Ci(,H2„0, could be 
separated. In the same year, Roleck _ and 
Eckart [ibii. 23, 3564) showed that the liquid 
constituent OigHjgO (rhodinol) was identical 
with geraniol, isolated by Semmler from Indian 
geranium oil and constituting 66-74 p.c. of 
German and 80-88 p.c. of TurMsh rose oil. 
The presence of citronellol (O10H20O) was 
established by Tiemann (Ber. 29, 921), who, 
by treating the alcohols at a low temperature 
with PCI 3 in ethereal solution, obtained a phos- 
phite of citronellol, geranyl chloride remaining 
in the ethereal solution. These two alcohols 
form the main constituents of rose oil and of 
such preparations as roseol, reuniol, &c. In 
1900, it was shown that the extract of fresh 
rose-leaves contained about 2 p.c. of phenyl 
ethyl alcohol. This was present to a much less 
extent in the oils obtained by steam distillation, 
owing probably to the loss of the sparingly 
soluble alcohol in the steam distillate. In 
addition to the above alcohols, small amounts 
of linalool, citral, and nonaldehyde were 
detected (Walbaum, Ber. 1900, 33, 2299, 2302 ; 
cp. Soden and Rojahn, ibid. 1900, 33, 3063 ,- 
Schimmel, Rep. 1900, 63). The substances 
enumerated above are used in the manufacture 
of synthetic rose oil. Up to the present, the 
scent of the oil prepared entirely from synthetic 
substances cannot rival the fragrance of the 
natural product. The most successful prepara- 
tions contain some proportion of the natural 
oil or of the tincture made from the natural 
extract, to which some synthetic rose oil and 
such substances as neroli oil, vanillin, musk, or 
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Ixei' synthetic compounds may be added at the 
BCi'otion of the perfumer. Extensive adultera- 
33^ of the natural oil takes plac;o at the source 
jpx'oduction, c.g. in Bulgaria, the geraniol and 
tt'oiiellol from chcai)or oils, such as geranium, 
niticta, rosa, being added and distilled with the 
so oil. 

^ iolet. The basis of the artificial violet 
2i'±iames is ionone or sonle closely allied sub- 
a-iioe. The scent of a-ionone is stated to be 
vooter and more penetrating, resembling more 
o.‘3oly that of orris root ; that of the j3-compound 
>.*30 rubles more closely the natural violet, 
ftior smelling a natural violet extract or a 
)lTJ--fcion of ionone for some little time, the odour 
cannot be perceived, the nasal nerve- 
rd ings being easily fatigued by this scent. 
Ixe smell of violets is only apparent when the 
laro substance is diluted. Ionone was originally 
Lao eel on the market as a 10 p.o. alcoholic 
jlu-t-ion, 10 grams of which gave 1 kilogram of 
Lolot; tincture. Now the pure substances, con- 
yting of 100 p.c. a-ionone and 100 p.c. j8-ionone 
3SX>eGtively are obtainable. Irone and doriva- 
-■v'os of ionone also find application. With 
violet tincture so prepared, other tinctures 
lade both from natural and synthetic oils arp 
lencled : rose, jasmine, orris, ylang-ylang, are 
ixxongst those thus used. As instances of 
iolet to'-r.-'-a prepare.'l from natural and syn- 
tietic' ;ji(: following may be quoted 

Moderne Parfumerie) : — 
iSining violet. 

rms. 

OOO Jnfuaion violetH, I. 

OOO ,, rose, I. 

Tf5 0 ,, jaHinme, I 

ii50 ,, acacia 

SfD Tincture coumarin 
CO Infusion benzoin 
50 ,, muak 

TOO Solution rose oil 

3.00 Tincture vanillin 
40 „ vlodoron 

Ylang-ylang oil. The oil extracted from the 
lo-wers of Ganangaoclorata{lrloo'k.) {v. OiLS,Essi!iN- 
contains about 30-32 p.c. linalool, 9 p.c. 
inBtlyl benzoate, 7 p.c. linalyl acetate, a little 
Sovaxiiol, and about 30 p.c. of a hydrocarbon, 
jfx,clinene. Methyl alcohol and jj-cresyl acetate 
xa, ve also boon detected (Darzens, Bull. Soo. ebim, 
L0025, 27, 83). Bacon identified in addition 
:ox*iixic acid and isosafrol (Schimmel, Eep., Oct. 
L908). In the composition of the artificial oil, 
blxei following compounds occur ; linalool, 
jor-ixniol, methyl and ethyl benzoates, linalyl 
xncl geranyl benzoates, benzyl salicylates and 
xlilxer esters. Bacon (Z.c.) also examined a 
txxx ruber of esters with reference to their suita- 
bility as constituents of tins oil. 

New mown hay, Coumarin forms the main 
aorxstituent of this perfume and with it tinctures 
of orange, rose, jasmine, &o., are blended. 

A.a instances of two well-known fancy per- 
fixmea, the following may bo quoted (Mann, 
IVEoclerne Parfumerie). These are, of course, 
srxbjeot to wide variation. 

T'eau d’Espague. Ess bouquet, 

girma. grins. 

6 O Cassie flower oil 2000 Tincture of rose, I. 

3.00 Sandalwood oil 1000 ,, casaie, I. 

OONiobeoil 1000 ., tuberose, I. 

200 Bergamot oil 2550 Extract of reseda 
XOOO Tincture of musk 2000 „ bergamot 

X5O0 „ civet 10 Eosewood oil 
XOOO Infusion of tolu 60 Bergamot oil 


Ess bouquet, 
grms. 

100 Infusion of musk, 1. 

50 Tincture of civet 
100 Infusion of tolu 
3 Turan oil 

Eau de Cologne. This, one of the oldest 
and most famous of perfumes, was manufactured 
in Cologne at the end of the seventeenth century. 
It is disputed whether Johann Maria Earina or 
Paul de Eeminis of Milan, both of whom came 
from Italy to Cologne, was the original inventor ; 
in both cases the secret was bequeathed to 
their successors, that of Paul de Eeminis passing 
to his nephew, Johann Anton Earina : there 
are now three firms bearing the name Earina 
who claim to possess the original formula and 
who zealously guard it. The general nature of 
the preparation of Eau de Cologne is, however, 
known, although details of the preparation may 
be lacldng. Idle quality of the spirit used is of 
paramount importance : only the most highly 
purified spirits of wine may be used, and after 
the perfume is prepared, it must be left for a 
long time, some years if possible, to mature. 
The firms who possess the original secret con- 
tinue to use the same ingredients and are not 
concerned with synthetic oils. Other perfumers 
make use of such synthetic oils as nerol and 
bergamot, with those of rosemary, lemon, 
lavender, and petit-grain ; the composition of 
each Eau de Cologne varies considerably. A 
typical example is as follows : — 

30,000 grams spirit. 

100 „ neroli oil. 

30 „ rosemary oil. 

100 ,, Mitcham lavender oil. 

300 „ lemon oil. 

300 „ bergamot oil. 

60 „ petit grain oil. 

{See Oils, Essential ; Gildomeister und HoH- 
mann, Dio Aethorischen Oele, 1910, Otto, Les 
Parfums ; Mann, Die Moderne Parfumerie ; 
i &c.) I. S. 

PERHlf DROL. Trade name for a solution of 
hydrogen peroxide {q.v,). 

PERICLINE V. Eblspab. 

PBRILLA OIL. i’erilla oil occurs to an 
extent of 35*8 p.c, in the nuts of Perilla ocymoides 
(Linn.), an annual labiate, indigenous to the 
East Indies as also to China (Manchuria) and 
Japan. It is extensively grown in China and 
Japan, and is also cultivated in the Himalayas. 
The plant is sown in April, blossoms about the 
end of September, and ripens two weeks later. 
The seed is known in Japan as Ye-Goma, or 
Se-no-abura. Eor the physical and chemical 
characteristics, see tables under Oils, Eixed, 
AND Eats. 

This oil has the highest iodine value of any 
i Imown fatty oil, and simulates linseed oil in 
j taste and smeU. Endeavours have been m.%de 
! to import it into Europe as a substitute for 
j linseed oil. J. L. 

PERMANGANATES v. Manganese. 

PERNAMBUCO WOOD v. Beazil Wood. 

PEROFSKITE or PEROVSKITEw. Titanium. 

PERONIN. Trade name for the hydro- 
chloride of morphine benzyl ester, used as a 
sedative {v. Synthetic dhuos). 

PEROXOLS. ^ Trade names for mixtures of 
hydrogen peroxide containing salicylic acid, 


PEROXOLS. 

Peau d’Espagiie. 
grms. 

40 Vetiver oil 
10 Turan oil 
10,000 Spirit 


Violet scent. 


grms. 


5000 Tincture ionone y 

1000 

, rose-oil j 

1000 

, jasmine 

300 

, orange 

3000 

, iris oil j 

50 

, musk 1 


fio ,, muss. I 

10 Ylang-ylang oil J 
200 Infusion benzoin 
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carbolic acid, 1, " . % camphor, 

menthol, &c. ■ . , > ■ ■ i . 

PEROXYDASES v . Ej2I!,mbntatiok. 

PERSEITOL V . Cae,bohydiu.ti3s. 

PERSIAN BERRIES are the seed-bearing 
fruit of various species of Jthamnus, gro\ving 
wild or cultivated in I'rance, Spain, Italy, the 
Levant, and Persia. The Persian berry proper is 
obtained from li. amygdalinm. It, oleoides, and 
i2. aaxatilis, and is imported from Smyrna and 
Aleppo. Its size is about that of a pea, colour 
yeliovdsh-green, surface much shrivelled, hard, 
and divisible along well-marked depressions 
forming a cross, into four parts, each containing 
a triangular seed ; its ta.sto is intensely bitter. 

Avignon or Prench berries, the product of 
B, infectorius (Linn.) and B. Alaternus (Linn.), 
are smaller in size than the foregoing and 
contain only two seeds. 

Spanish, Italian, and Hungarian berries are 
respectively the products of It. saxaiilis, B. 
infectorius (Linn.), and M. cathartica (Linn), 
These are similar in quality to the Avignon 
berries. Other qualities come from the Morea, 
WaHachia, and Bessarabia. 

That all of these botanical varieties do not 
contain the same constituents appears certain 
from the work of Tschirch and Polacco (Arch. 
Pharm. 1900, 238, 469) and other chemists, 
on the It. cathartica; but, on the other hand, 
there is every reason to suppose that the colour- 
ing constituents of the botanical group to which 
the term Persian berry jiroper is applied are 
identical in each case. 

Gelatly (Edinburgh New. Phil. Jour. 7, 252) 
was the first to isolate from Persian berries 
{B. tinctoria [Wald, et Kit.]) the glucoside 
xantJhorJiamnin CaBHggOgs, which on hydrolysis 
with acid gave a sugar and a colouring matter 
rhamnetin. Hlasiwetz (Annalen, 112, 107) con- 
sidered that xanthorhamnin was identical with 
v.l rhamnetin with quercetin, but 
■ ■ ■ ■■ and Berteche (Bull. Soc. Ind. 

' . ■, .! ■, 150) denied this, and assigned to 

rhamnetin the formula Xanthorham- 

nin, which Schutzunbcrger(J. 1808, 774) termed e- 
rhwmnctjin was considered to possess the formula 
'Lbe presence of a second glucoside, i 
B-rhamnegin was also detected by this chemist, 
and. from this by hydrolysis ^-rhamnetin was 
derived. Liebormann and Hermann (Annalen, 
J96, 313) also investigated Persian berries, 
devised a method for the preparation of xantho- 
rhamniu and rhamnetin, and prepared various 
derivatives of the latter. 

It is now known that Persian berries contain 
the gluoosides of three colouring matters, 
namely rhamnetin, rhamnazin, and quercetin 
(Herzig, Monatsh. 6, 889; 9, 049; 12, 175; 
Perldn and Geldard, Chem. Soc. Trans. 1896, 
07, 500). 

To isolate those substances Persian berries 
are extracted with boiling water, the solution 
treated with a smaU quantity of sulphuric acid, 
and digested while boiling for one hour. The 
glucosides are thus hydrolysed and the crude 
colouring matters separate in the form of a 
greenish-yellow precipitate. 

The product is extracted with boiling 
alcohol, which dissolves princq)ally the quercetin, 
this being the most soluble of the three colouring 
matters. The residue now contains rhamnetin 


and rhamnazin, and the latter is removed from 
the former by two or three extractions with 
boiling acetic acid. 

Bhamnetin CjBHiaOy crystallises in yellow 
needles very sparingly soluble in acetic acid 
and alcohol. It dissolves in alkaline solutions 
with a pale yellow colour, and gives with alcoholic 
lead acetate an orange-red precipitate. When 
acetylated it forms tetra-acetyl rliamneiiu 
Ci,5Hg07(02H30)4 (Liebermann and Hermann), 
colourless needles, m.p. 183°-185°, and on 
bromination dibromrhamnetin is produced. 

Bhamnetin sulphate Ci(,Hj^30„H2S04 (Perkin 
and Pate, Chem. Soo. Trans. 1896, 67, 650), 
orange-red needles, ■ .1 . ' ’ 

CibHiiO,K: (Perkir . ■ .. . ■■ - . .. "-5. 'O. 

136), orange-yellow needles, have been prepared. 

Rhamnetin is in reality a qnercetinmono- 
methyl ether (Herzig, l.c.), for on digestion with 
hydriodic acid it is converted into quercetin, 

.',’■■1 ’ ■ 1 vith methyl iodide 

i." ■ . • . I ' produced. 

i , ' ■ _ potassium hydroxide 

solution, of V ' 1 - - 1- - p - potash, or by aspirat- 
ing air thro g i ' ' -I solution, rhamnetin 
gives protocatechuic acid, and a syrupy phloro- 
glucinol derivative. The latter, identified by 
means of its diazobenzene compound, con- 
sists of phloroglucinol (Perkin 

and AUeson, Chem. Sc ■. '• SI, -xlO), 

and consequently the constitution of rhamnetin 
is to be expressed as follows : 

OH 



OH 


Rhamnetin is a strong dyostufi, and gives on 
mordanted woollen cloth shades which are 
practically identical with those produced by 
quercetin : 


Chromium. Aluminum. Tin Imi. 

Red Brown Bright Deep- 

brown. orange. orange. olive. 


(Perldn and Willdnson, ibid. 1902, 81, 690). 

Bhnmnazin C17HJ4OJ (P. and G.), yellow 
needles, m.p. 214°-2]6°, is moderately soluble 
in boiling toluene, a property r 'b ■ 'I ' • ''u-! r “ 

it from both rhamnetin and , , . !■ .' 

solves in alkaline liquids to form orange-yenow 
solutions, and with alcoholic ferric chloride gives 
an olive-green colouration. 

Acetyl rhamnazin Cx7H4i07(C2H30)g, colour- 
less nee^es, benzoylrhamnazin 03,11^107(0,1150)3 
colourless needles, m.p. 204'‘-205°, and di- 
bromorhamnazin O^HiaBrgO,, yellow needles 
have been prepared. 

Rhamnazin is a quercetin dimethyl ether. 
Digested with boiling hydriodic acid, it is con- 
verted into quercetin, and by means of methyl 
iodide into quercetin tetramethyl ether. Boiling 
alcoholic potash hydrolyses rhamnazin with 
formation of vanillic acid and phloroglucinol 
monomethyl ether (Perldn and Allison, l.c.). It 
accordingly possesses the constitution — 


CH.O 



X/^-CO 

OH 


OCH3 

yOH 


PETALITE. 
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E/hamnazin does not readily dye mordanted 
calico, but on mordanted wool gives shades 
resembling those which are produced by kaemp- 
ferol — 

Chromium. Aluminum. Tin. Iron. 

Golden Orange Lemon Olive 

yeUow. yellow. yellow. brown. 

Only a small amount of this colouring matter 
is present in Persian berries. 

Xanthorhamnin C31H42O20 is readily prepared 
by extracting powdered Persian berries with 
three times their weight of boning 85 p,c. 
alcohol. On standing the dark brown filtered 
extract deposits a large quantity of the impure 
glucoside as a brown resinous mass. Prom the 
supernatant Hquid on standing a purer xantho- 
rharnnin separates in the form of pale yellow 
cauliflower-like precipitate, and in such quantity 
as to congeal the whole hquid to a stifi paste. 
This is collected, repeatedly crystallised from 
alcohol, and finally from alcohol containing a 
little water and ether (Liebermann and Hermann, 
l.a.). 

Xanthorhamnin consists of pale-yellow needles 
readily soluble in water and hot alcohol, soluble 
in _ alkaline solutions with a yellow colour. 
With basic lead acetate it gives an orange 
precipitate. According to the work of lieber- 
mann and Hermann, xanthorhamnin, when 
hydrolysed with acid, gives rhamnetin and 
rhamnose 

C48Hsa0ag+5H2O=4C3H44Oe+042H43O3. 

More recently, however, xanthorhamnin has 
been shown to possess the formula O34H42O20, 
and that by means of its speciflo ferment 
fhdW/UiTiasQy contained by Persian berries, it is 
hydrolysed ■with formation of rhamnetin and a 
complex sugar rhamninose, CjjHgaOji 

034H42O20 + HaO = 0i3H42O, + C4gH32Oi4. 

When rhamninose is digested 'with boiling dilute 
acids, it is converted into 2 molecules of rhamnose, 
and 1 molecule of galactose (0. and G. Tanret, 
Oompt. rend. 1899, 129, 725) 

Cl8H32044+4HaO = 03H420« + 206Hi40o. 

No glucosides of rhamnazin or quercetin 
have been isolated as yet from Persian berries. 
The action of the ferment rhamninase is readily 
demonstrated. If crushed Persian berries 
contained in a muslin bag, are suspended in 
water heated to 40°, a yellow solution con- 
taining the glucosides is produced ; this quickly 
becomes opaque and a heavy precipitate of the 
imxed colouring matters is eventually produced. 
To within recent years this reaction was carried 
out on a commercial scale, and the product was 
placed on the market under the name of ‘ rhamn6- 
tine.’^ This reaction can be employed to dis- 
tinguish between the dyeing properties of the 
glucosides contained in the berries, and the free 
colouring matters produced by their hydrolysis. 
Thus if Persian berries be added to a cold dye- 
bath, and this is slowly heated to bofling, the 
glucosides are hydrolysed by the ferment; but 
if, on the other hand, the berries be at once 
pl™g®d into^ boiling water, the ferment is 
1.-11- j .1 , . ,1 of the glucosides is obtained. 

■ ■ .. ) wool mordanted with tin 

gives an orange-red shade, whereas in the latter 
a pure yeUow colour is produced. 

Beyond the ordinary extract of Persian 


berries which is prepared in large quantity by 
extracting the berries with bofling water, and 
evaporating the solution under reduced pres- 
sure, no special commercial preparations are 
manufactured at the present time. 

Dyeing properties. — In wool dyeing Persian 
berries are little employed on account of their 
expensive nature ; moreover, they possess no 
special advantage over quercitron bark and old 
fustic. Persian berries, as a rule, give redder 
shades than quercitron bark, a fact which is to 
be explained as due to the hydrolysis of its 
glucosides by the ferment. The quercitrin of 
quercitron bark is not accompanied by such a 
specific fernaent, and consequently the shades 
given by this dyestuff are of a yellower character. 
With tin mordant Persian berries give bright 
yellows and oranges, which are only fairly fast to 
light ; but according to Hummel, the yellowish- 
olive produce r -- - - lordant is extremely 
fast, and is . ■ : ■ than otherwise by 

exposure. Persian berries are still used to a 
considerable extent in calico-printing for the 
formation of yellow, orange, and green shades. 

A. G. P. 

PERSIAN GREEN. Emerald green v. 
Pigments. 

PERSIAN RED. Basic lead chromate v. 
Cheomium. 

PERSIMMON, the fruit of Diospyros virginiana 
(Linn.), much cifltivated in Japan, and now in 
California and other warm countries. When 
freslfly gathered, the fruit has a very astringent 
taste, which it loses on keeping, especially if 
exposed to a low temperature. 

Konig gives as its average composition — 
Invert Cane Other N- 

Water Protein sugar sugar free extract Pibre Ash 
56-1 0-8 13-5 1-0 16-0 1-8 0-9 

Tannin is abundant in the freshly gathered 
fruit, but on storage is deposited in an insoluble 
form, in certain sirecialised cells (Bigelow, Gore 
and Howard, J. Amer. Chem. Soc. 1906, 28, 688). 

H. I. 

PERSULPHURIC ACID andPERSULPHATES 

V . SxrLEHTIE. 

PERTHITE V. Pelspab. 

PERU BALSAM v. Balsams. 

PERUVIAN BARK v. Vbgeto-alkaloids. 

PERYLENE (perf-dinaphthyleue). A hydro- 
carbon G20H42 obtained by heating either 
naphthalene, or 1 ; I'-dinaphthyl with aluminium 
chloride ; or by heating 1 : 8-dl-iodonaphthalene 
with finely divided copper. Glistening yellow 
crystalline leaflets, m.p. 264°-265°, forming 
yellow to reddish-yeUow solutions -with a blue 
fluorescence (Scholl, Seer and Weitzenbock, Ber. 
1910, 43, 2202). 

PETALITE. A litluum aluminium sflicate 
LiAl(Si205)2 containing 4-9 p.c. hthia, and 
much resembling spodumene [LiAliSiOaia] in 
appearance. It usually forms platy, cleavable 
masses (hence the name, from verahov, a leaf) 
of a white, grey, or pinMsh colour and with a 
vitreous lustre ; sp.gr. 2-4 (that of spodumene 
being 3-16). It is found, together with other 
lithium-bearing minerals (lepidolite, tourmaline, 
and spodumene), in an iron mine on the island 
of Uto near Stockholm, where it has been mined 
as a source of lithium salts. It was in this 
mineral that lithium was discovered by J. A. 
Arfvedson in 1817. Other localities are Peru in 
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Maine, and 33olton in Massaoliuaetts. A colour- 
less, glassy variety, known as casturite, is found 
in the granite of the island of Elba. L. J. fS. 

PETIT-GRAIN OIL v. O1I.S, iSySJJNTlA L. 

PETEOFRACTEUR. An explosive resem- 
bling /aneifie {v. Exi’LOSiviiS) in composition, but 
differing specially in that it contains no gun- 
cotton. Is said to consist of a mixture of 10 
p.c. nitrobenzene, 07 p.c. potassium chlorate, 20 
p.c. potassium nitrate, and 3 p.c. antimony 
pentasulplude {v. Watson Smith, J. Soc. Chem, 
Ind. 1887, 5). 

PETROLEUM. 

American Petroleum. 

[. Occurrence. 

Three closely-related raw materials, all 
belonging to the class of bitumens, have been 
noted as oocurring associated together, some- 
times as distinct occurrences, sometimes in 
complete physical admixture, viz. natural gas, 
liquid^ petroleum, and ozokerite or natural 
paraffin.^ To these three must be added, in 
considering the American production, a fourth 
variety of bitumen, asphalt, for we have learned 
to speak of petroleums with a paraffin base 
and petroleums with an asphaltic base, from 
which latter variety much true asphalt can be 
and is now industrially obtained. 

Leaving this distinction between native 
petroleums to be referred to more fuUy in 
Bjicaking of the ultimate products and utilisa- 
tions, wo will note the present production of 
crude petroleums in America. The producing 
fields arei now commonly grouped under eight 
heads : (o) the AppalacMan field, (b) the Lima- 
Indiana field, ( 0 ) the Illinois field, (cZ) the Mid- 
continent field, (e) the Gulf field, (/) the 
California field, (g) other fields of the United 
States, (/i) Canadian field. 

The Appalachian field. Under this head is 
now included the production of Pennsylvania, 
Now York, Eastern Ohio, West Virginia, 
Kentucky and Tennessee, which states lie along 
the Appalachian range. In general, the oil is 
what is Icnown as ‘Pennsylvania’ grade, and 
oqrainands a higher price than any other. 
This IS l)ocauso it contains a paraffin base, is 
practically free from sulphur compounds, and, 
in consofiuonee, is more readily refined and yields 
a higlior pcrcontago of valuable products. In 
ctu’tain parts of this lield very valuable natural 
lubrieating oils are obtained, and in some 
amorphous paraffin 80 ])arates out in the tanks 
used for storage of the crude oil and in the pipe- 
lines. Because this petroleum is so largely 
made up of the paraffin series of hydrocarbons, 
it is easily refined by acid treatment and yields 
the largest proportion of gasoline and burning 
oil. It is true that the Kentucky and Tennessee 
oils are not quite equal to the Pennsylvania 
grade, but they are nevertheless of the same 
paraffin-base class of oils. Of the states com- 
prising the West Virginia 

now leads, ■ . ■■:■■■ , • second, and 

Houth-eastorr i : i. leral this grade 

of crude f)il is gathered by the pipe-lines under 
collective names of Bradford crude in the 
northern part, Middle-District crude for the 
central, and South-Western crude for the W^est 
Virginia and South-Eastern Ohio oil. 

The, Lima- Indiana fiield. This takes its name 


primarily from the town of Lima in Nortfiern 
Ohio where tlfis class of oil was first produced, 
it does not come from a sandstone formation 
as in the case of the Appalachian oil, hut from 
what is kncr.V; :.s the Trenton lime- 

stone, in^ v, li'.h mIi .■i\i . '.on of the dolomitic 
limestone ‘has left porosity sufficient for con- 
siderable oil accumulations. This oil, as that 
from the neighbouring state of Indiana, is 
sulphur containing, and therefore more difficult 
and expensive to refine. It, however, contains 
a paraffin base, and is now made to yield products 
nearly or quite equal to those obtained from 
Pennsylvania oil. 

The Illinois field. This is of relatively 
recent -t -rdy having begun to 

produce ■ ; i j 1 • but in 1909, it ranked 
third in amount of production, being exceeded 
only by California and the mid-continent fields. 
It now exceeds the entire Appalachian field in 
its production. 

The oil is in the main found in the sandstone 
formation, and hence is -'-"^erent 

from the Lima-Indiana , less 

sffiphur. It is also a paraffin-base oil, and as 
far as examined chemically it seems to stand 
intermediate between the Pennsylvania oils and 
the .Lima-Indiana oil. 

Mid-Continent fiield. The area included in 
this field consists of southern Kansas, the oil 
deposits of the new state of Oklahoma (formerly 
Indian territory), and northern Texas. This 
field is also of comparatively recent developinent, 
having developed from less than one million 
barrels in 1902 to about fifty million barrels 
in 1909, and 58,500,000 barrels in 1910, so that 
it is only exceeded in production at present by 
the California field. By far the largest amount 
of the oil is produced in Oklahoma, Kansas 
coming second. The oil is most generally of a 
somewhat asphaltic base, although paraffin- 
containing oE is obtained from part of the field. 
Very much of the oil from this field is now used 
as fuel oil and has been extensively introduced in 
place of coal, so that the production of the latter 
has fallen off in several of the states supplied 
by pipe-lino from the Oklahoma oil regions. 

The Gulf field. This includes the off fields 
of Louisiana and coastal Texas. _ In this field, 
the accumulation of petroleum is determined 
by a type of geologic structure which is unique. 
The off occurs in recent rooks and these forma- 
tions are characterised by flat or gently sloping 
strata, in which occur peculiar domes. These 
latter are perhaps due to sub- 
terranean ; . ' -v of salt, gypsum and 

limestone, which may have elevated the strata 
above them so as to form these characteristic 
domes or ‘ mounds,’ as they are called. Drilling 

on the top or sides of these ? ■ ^ 

developed, as at Spindle-' i ... ■ 

associated with salt water, iviosi^ of uue hexcis 
off is mainly valuable for fuel oil, _because_ of 
the low percentage of hurning-off fraction 
obtainable and the presence of heavy hydro- 
carbons. It, moreover, is largely of an asphaltic 
base, and therefore the residuums from Texas 
offs have been of especial value for fluxing the 
hard asphalts. The Beaumont off is one of the 
strongest in sulphur of American petroleums 
and the sulphur compounds are of an unstable 
character so that free sulphur at times deposits 


PETROLEUM. 


125 


from them, as was first established by Richard- pounds, and the hydrocarbons present were not 
son, and_ in their distillation much hydrogen of the paraffin series, which were so characteristic 


sulphide is liberated. 


of Pennsylvania oil, but heavy asphaltic oils 


The California field. This field, since 1909, which, on concentration, yielded solid asphalt 
has become the first in amount of production, material. 

having furnished in that year_ the enormous The Texas oil, which next appeared, seems 
yield of 58,250,300 barrels, and in 1910 the still in large degree to be intermediate between 
larger production of nearly 78,000,000 barrels, these types, and while yielding some paraffin 
The California production is moreover contains also much asphaltic base. It is also 
practically all obtained from four or five specially characterised in some localities by 
contiguous counties in southern California, an abundance of ’ and even 

partly coastal and partly forming the valleys free sulphur. The ' ' ‘ , as already 

between the Sierras and the Coast Range, stated, is more an approximation to the Appala- 
Kern and Eresno counties, which lie inland, chian field, yielding a paraffin-base oil, although 
are at present the most prolific sections, the noted with more sulphur than Pennsylvania oil, 
Coalinga deposit being in the latter county, while the Mid-Continent field, on the other hand, 
while Santa Barbara, Ventura, and Los Angeles yields predominantly an asphaltic-base oil, 
counties, which are coastal counties, are next in although yielding paraffin in many eases, 
importance. The California oil sands have been The crude petroleums vary in colour and 
found to be of much greater thickness than gravity from the dense California oils, which are 
those of eastern fields. In some instances almost black, to the light crudes, of SUB. in 

1100 feet of oil sand has been encountered in a parts of the Appalachian fiekk r 

well and in hundreds of wells from 200 to 500 in bulk and reddish-brown ■;..■■■■■ ' ' 

feet of sand are found. This insures a long life or exceptionally yellow or amber in colour, 
to the individual wells. While there is some Scientific study of American petroleums has 
variation in the California oils, they are in been made chiefly by Warren, C. F. Mabery, 
general distinguished by two characteristics : Clifford Richardson, and Young, 
they almost all contain nitrogen, indicating in Besides the saturated paraffin scries 
part at least an animal origin, and they contain C„H 2 „^. 2 , 

,1. 1 1 r . j.l. 4 -V,q« o -jAnrnffin 1^0 GA TnrlAAr!. i . i __ , .i t j.i. . 


ontain nitrogen, indicating in Besides the saturated paraffin scries 
limal origin, and they contain C„H 2 , 1 ^ 2 , 

' than a paraffin base. Indeed, constitutes the bulk of the Pennsylvania 

Lssociated with solm as^mt unsaturated open-chain hydrocarbons, pro- 
h of the residuum froin Call- ^ably of the series C„Ho„ are found. The well- 


. as a.sphaltio flux and for the aromatic scries C,jH 2 ,i -8 also occurs in 

manufacture of artificial asphalt. Much of the ^i^anv of the paraffin-base oils of Pennsylvania 
California oil is used as fuel oil, and enormous Ohio, and in the asphaltic oil of California, 
quantities are taken for this purpose by the gp f j^g in the Canadian oil or 

railroads and steamship lines. Texas oils. 

Other fidds of the United States. Only two Saturated ’ I ■■''■■.■-r of the series 

additional states require special mention in -2 ^-nd • ' = . ■ ■■ ■ cyclic and not 

this connection, Colorado and Wyoming, open-chain " ^ ’'een recognised 

Colorado fora number of years has produ^d by both Me i .■■■•' as present in 

a moderate amount of an oil with a_ paraffin heavier fractions of many oils both of the 
base and free from sulphur, the production being Pennsylvania and the California type. 

centred in two localities, Florence and Boulder. Unsaturated cyol-; ■ of high 

Wyoming produces an oil, also free from sulphur, njoleeular weight are ' ■ ■ eharacter- 

and especially characterised by^ the excellent jg^jg constituents of asphalt -base oils like those 
quality of the lubricating fraction so that it California. 

has commanded a special price. The sulphur compounds of the Lima and 

■ 7 T) . the Canadian oils are now believed by Matey 

II. Physical and Chemical Proper t e . to be cyclic in character and ’ ^ y 

The petroleums of North America as now derivatives. He terms them ' _ ; ■ ■ ■ ■ ■ ■ 

known differ very widely in both physical and j^jtj.ogen compounds of the California oils are 
chemical characters. When the American bodies, and are supposed to be pyridine 

petroleum industry began in 1861, and for many quinoline derivatives. . 

years thereafter, the oil that was refined anU phenolic bodies have also been recognised 
marketed was Pennsylvania crude, or as it is California petroleums, and have been 

now callec'. * This, a.s already g^traeted in crystalline form by Richardson, 

stated, is ■ ■ i . ■ ined and yields a 

largo perc . „ ■ ■ ■ . burning Production and Transportation of the Crude 


oil and paraffin, and is substantially free Petroleum. 

sulphur and nitrogen. Later the Lima, Ohio 


^iTd required a special and more e™ve ot 

refining treatment They however S the WaSinXn Co., PeWvaSa dis- 

a paraffin base. The California oil, howew ° . ™°ich are from 2400 to 2600 feet in 

was of notably different type much of It was the California wells, 

very heavy, some being found ^ . jJ^re as in the Santa Maria district, wells 

low as 12°B., and it yielded very ^ ^j,ined to a depth of over 4000 feet, 

iug oil. It was soon found conUm m in newly-opened 

addition to sulphur, organic nitrogen com many y 
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territory, where the original gas-prossure has 
not been lost, are flowing wells, lcno\m among 
oilmen as ‘ gushers.’ This yield, however, is 
never long maintained, and declines rapidly 
until pumping becomes necessary in order to 
maintain the productioir of oil. The American 
oil wells have in general never equalled the 
prolific yield of some of the Baku oil-fountains. 
The bulk of the production in the American fields 
is only obtained as the result of systematic 
pumping. There are exceptions, however, to 
this rule. The famous 
Lake - view gusher in 
Kern Co., California, has 
probably not been 
equalled in the history 
of the petroleum industry 
of the world. It was 
brought in, in March, 
1910, at a rate estimated 
at 10,000 barrels a day, 
later increasing its ca- 
pacity to about 30,000 
barrels. Occa.sionally it 
placed to its credit 
60,000 liarrels during a 
single day. After about 
nine months of steady 
flowing it collapsed, as a 
result of salt water break- 
ing into the oil sand. 
During its career, it was 
estimated to have pro- 
duced over 8,000,000 
barrels of oil, or more 
_ , . . , j, _ than one-ton th of the 

'""I.' ' I'""' ' total output of the state. 
|yS^ j [| j| [ gfe The oil comes usually 

fi-oin well-defined strata 
■' ■ of conglomerate, or ‘ sand- 

ro eks , ’ whi ch arc separated 
by slate or shale rock. 
These ‘ oil-sands ’ occur 
frequently in groups of 
three, as the Venango 
first, second, and third 
sands ; the Warren sands ; 
and the Bradford sands. 
These sands occur at in- 
tervals as we go deeper, 
beginning with the newest 
geologically, and going 
down to the older groups. 
It may happen, too, that 
in a particular locality 
the upper sand of a group 
yields the oil (in which 
case it is likely to be of 
a heavier character), and 
in another locality this 
sand may be barren, 
while oil is yielded liy a 
lower one. It is rare, how- 
ovor, to find an abundance 
of oil in several sand rocks of the same geo- 
logical group. 

This article Avill not allow of a detailed 
description of the extremely ' ■ ■ ’ ■ : i ■ 

now used in boring the Ain ■■ ■ ; ■ 

in fitting them for the production of oil. ' The 
accompanying illustration gives a sectional 
view of the drilling of such a well, and the 


several strata penetrated (Crew on Petroleum, 
p. 192). 

‘Torpedoes,’ or charges'’'of nitro -glycerin, 
have been used in the Pennsylvania and the 
Canadian fields in order to shatter the oil-sand 
and open up communication with new portions 
of the spongy and oil-saturated stratum. The 
charge in the former locality often rises to 
80 or even 100 quarts of nitroglycerin, and in 
the Canadian field to the tenth part of this 
amount. The main torpedo is fired by the use 
of a miniature torpedo or ‘ squih ’ which is run 
down in contact with the other, and then 
fired hy dropping a weight upon it. 

The transportation of crude oil from the 
wells, which are often in isolated positions, to 
centrally located storage tanks, and from the 
points of production, to the refineries, is now 
effected almost exclusively by means of pipe- 
lines. And as it was found more convenient to 
locate the great refineries on the Atlantic sea- 
board, or in large manufacturing centres, the 
pipe-lines were in time extended so that New 
York, Philadelphia, Baltimore, Pittsburg, Cleve- 
land, and Buffalo arc all connected now with 
the oil-producing regions of Pennsylvania and 
New York by long lines of pipe. These great 
trunk lines, 6 inches in diameter, thus traverse 
nearly the whole length of the two great States 
of New York and Pennsylvania, and deliver 
thousands of barrels of oil daily to refineries 
on the route and at their different termini on 
the seaboard. The six great lines referred to 
a.s running to the main refining centres are 
oivned by the National Transit Company, an 

■ ■ ■ ■ ■ ' ' ■ ’ connected with the Standard 
■ ! . .‘•ew York division consists of 

two C-irich pipe-lines, extending from Clean, 
N.Y., to Bayonne, N.J., and Hunter’s Point, 
N.Y., 312-6 miles in length, with eleven pumping 
stations for this distance, and has a capacity of 

28.000 barrels per diem. The pipes are buried 
at a depth of two or three feet, and follow the 
general contour of the country through which 
they pass. The pumps, generally of the 
Worthington pattern, are powerful machines, 
and, in order to force the oil such great distances 
against the friction of the pipes, carry a pressure 
of from 1200 to 1500 lbs. to the square inch. 
The pipes on the main lino are all tested to a 
pressure of 2000 lbs. to the square inch. The 
storage tanks, of which there are two or more 
at each station, are built of boiler-iron, and hold 

35.000 barrels each. 

In 1905, immediately upon the discovery of 
the Mid-Continent field, the Standard Oil Co. 
pmshed its pipe-lines south-westerly 550 miles 
into Kansas and Oklahoma, and, as this did not 
relieve the great production of this field, in 
1909 great trunk lines were run from the Okla- 
homa field 500 miles south-easterly to Baton 
Rouge, Louisiana, where the oil was either 
refined or shipped by water to all desired points. 
The neiv Illinois field was similarly drained hy 
pipe-lines northward to Chicago and westward 
to the Mississippi. Many large refinerie.s wore 
built in the Central West and along the Gulf io 
work up as much as possible of this oil. Cali- 
fomia has three 8-inch trunk pipe-lines carrying 
the oil from the producing localities to tide-water 
on San Erancisco bay and elsewhere. 

The foreign exportation is chiefly of refined 
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oil and other products. A considerable quantity 
of crude petroleum, however, is exported from 
the United States to Erance to be refined there, 
the Erench duty on the refined oil encouraging 
the home refining. 

The shipment of refined oil for the Ear East 
is chiefly in cans of tin, two of which latter, 
holding five gallons American, or nearly four 
imperial gallons each, are packed together in a 
wooden case. These cases go to China, Japan, 
and warm climates, as the loss by leakage is less 
than when the barrel is used. The shipment of 
oil in bulk for the voyage across the Atlantic 
to Europe is now carried on most largely in 
tank steamers, and quite a fleet run from 
Philadelphia and New York to English and 
German ports. The most important feature of 
their construction is the provision of auxiliary 
tanks above the level of the main storage tanks 
and in communication with them. The storage 
tanks can thus always bo kept full of oil, the 
auxiliary tanks serving to hold the surplus when 
the storage tanks become heated and supplying 
the deficiency when contraction takes place. 

IV. Processes of Refining and Manufacture, 

As petroleum has been shown to be a mixture 
of hydrocarbons of different volatility, the first 
operation would naturally be to effect a partial 
separation of t.;. -Iro.Mrbrr.- by a process 

of fractional ■'.i-iilhii:'-:'. !b..i. in fact, simpler 

lines of treatment wore first tried. It was found 
that crude oils spread out over warm water in 
tanks and exposed to the sun were much irn- 
proved in gravity and consistency. This 
process was chiefly employed for the production 
of lubricating oils, and the products were called 
‘ sunned oils.’ This was followed by the 
application of methods pf partial evaporation 
or concentration in stills, either by direct 
application of heat or by the use of steam-coils, 
carefu" ' 'k'-~ “ver-heating. The products 
were . ' ■ ' ‘ i oils,’ and form the best 
material for the manufacture of high-grade 
lubricating oils. They Avill bo referred to again. 
The process to which the great bulk of crude 
petroleum is submitted, however, is that of 
fractional distillation, continued to the eventual 
coking of the residue. As the most valuable of 
the several distillates is that which is to bo used 
percentage of that 
, is an important item in an 
oil refinery. A normally conducted fractional 
distillation of Pennsylvania petroleum will 
give from 35 to 50 p.c. of oil suitable for illuminat- 
ing purposes, and from 20 to 30 p.c. of lubricating 
oils.' About 1805, however, it was found that 
if during the distillation the heavy vapours wore 
made to drop back upon the hot oil in the still 
they becarao superheated and were decomposed. 
This process of dcstnictive distillation or 
‘ cracking ’ allowed of a notable increase of Ihe 
illuminating oil fraction at the expense of the 
•lubricating oil. So, at present, some 75-80 p.c. 
of burning oil is obtained, whilst the residuum 
from which the hibricating oil is obtained is 
reduced to 6 p.c. 

The process of refining crude petroleum is 
generally divided into two quite distinct parts. 
The ‘ benzine ’ and burning oil distillate are 
run from the same still, when the fluid residuum 
is transferred to what are usually called ‘ tar 


stills,’ in whieh the res+ nU'+uiUi.^. operation 

is conducted. The , in almost 

exclusive use at present, consist of a cylinder of 
boiler-plate, the lower half being generally of 
steel, 30 feet in length by 12 feet 6 inches in 
diameter. This still is set horizontally in a 
furnace of brickwork usually so constructed 
that the upper half of the still is exposed to the 
air, which facilitates the cracking in the latter 
part of the distillation. The worlung charge of 
the cylinder stills is usually 750 barrels, although 
1000 barrels stills are often used. The stills are 
usually provided with steam pipes both closed 
and perforated. The steam issuing in jets from 
the perforated pipe has been found to facilitate 
distillation by carrying over mechanically the 
oil vapours. 

The condensing apparatus varies somewhat 
in the details of its construction, but consists 
essentially of long coils of pipe immersed in 
tanks through which water is kej)t flowing. 
The terminal portions of the condensing pipes 
all converge and enter the receiving house 
within a few inches of each other. Near the 
extremity of each a trap in the pipe is made for 
the purpose of carrymg away the uncondensable 
vapour. This may be allowed to escape or may be 
burned underneath the boilers or stills, effecting 
thereby a large saving in fuel. The condensing 
pipes generally deliver into box-like receptacles 
with plate-glass sides, through which the 
running of the distillate can be observed, and 
from which test portions can be taken from time 
to time for the proper control of the process. 

The tar-stills are usually of steel, cylindrical 
in shape, holding about 260 barrels, and are 
set in groups of two or more, surrounded by 
brick-work. Vacuum-stills have been and are 
still used to some extent, especially in the 
preparation of reduced oils, for the manufacture 
of lubricants and products like vaselme. Of 
course, the evaporation in these stills takes 
place rapidly, and at the lowest temperature 
possible, insuring a fractional distillation and 
not a decomposition. If superheated steam be 
used, moreover, instead of direct firing, it is 
possible to reduce oils to 18°B. without any 
production of pyrogenic products. Continuous 
distillation has not proved commercially success- 
ful in the United States, but has latterly been 
taken up again and is used on certain kinds of 
crude oil. 

To recur now to the products of the first 
rough distillation of crude oil, the first fraction, 
knoivn as the ‘ benzine distillate,’ is redistilled 
by steam heat in cylindrical stills holding 500 
barrels, and is sometimes separated into the 
following products : cymogen, 100°-110°B. 
gravity ; rhigolene, 90°~100°B. ; gasolene, 
80°-96°B. ; naphtha, 70°-76° B. ; benzine, 62°B. 
gravity. The time occupied in working the 
charge is about 48 hours. The deodorisation of 
the benzine, which is to be used for solvent 
purposes in pharmacy or the arts, is effected by 
the use of sulphuric acid, as in the treatment of 
the burning oil fraction, only the proportion of 
acid used is much smaller, and the agitation is 
effected by revolving paddles instead of by an 
air-blast. One-half of 1 p.c. is sufficient in this 
case. Other processes have been proposed for 
the deodorisation, such as the method .of the 
United States Pharmacopoeia for ‘ purified 
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‘ benzine,’ -which, is to agitate the benzine first being continued for about 6 hours, or until the 

: ^ with dilute sulphuric acid to which potassium oil is deodorised. Sublimed sulphur is then 

‘j ' '"'n ’■ 'i been added, and then with added and the r.-'-wcd. After the 

! i I . ■ ■ ■ ■ solution to which a similar first drawing ofi ■ ■ ■ solution the oil 

: ! aduiuion or porassium permanganate has been is bleached in ■ . ■ . oil, howe-ver, is 

; 5 made, and followed finally by washing -with not freed from all its sulphur impurity, even by 

I water. this elaborate treatment. More recently it has 

; The treatment of the illuminating oil fraction been found that distillation over finely-divided 

is a more important process. It is first subjected metallic copper under certain conditions will 

to treatment with sulphuric acid, washing with much more effectually free these oils from the 

1 water and a solution of caustic soda. This sulphur, and this method has been extensively 

operation is conducted in tall cylindrical tanks used in refining Lima Ohio oil. 
i ■ of wrought iron, lined with sheet lead, which The residuum of the original crude oil 

; ! are called ‘ agitators.’ The bottom is funnel- distillation is, as was said, distilled from the 

, I shaped^, terminating in a pipe furnished with a ‘ tar stills.’ The first runnings, constituting 

i stop-cock for drawing off the refuse acid and from 20 to 25 p.c., wiU have a gravity of 38^B., 

I soda washings. The distillate to be treated and are returned to the crude-oil tank for distilla- 

must be cooled to at least 60®E., and before tion or are treated and purified as burning oil. 

the main body of the acid is added for the The paraffin oil which now runs over may be 

treatment any water present must be carefully caught in separate lots, as it deepens in colour 

withdrawn. This is done by starting the and increases in density, or it mi?,y bo all received 

I agitation of the oil by the air-pump and iirtro- together to be treated in the paraffin agitator 

j I ; ducing a small quantity of acid. This is allowed with acid and purified for the separation of 

, ,| to settle and Avithdrawn. The oil is noAV paraffin wax. The agitator in tliis case must bo 

j i ; agitated and about one-half of the charge of provided with steam pipes so that its contents 

- ! acid is introduced gradually from above. The can be kept perfectly liquid, and the charge of 

agitation is noAV to lie continued as long as acid is larger, amounting to 3, 4, or even 5 p.c. 

action is indicated Ijy rise of temperature. The treatment included the usual washing with 

' when the dark ‘ sludge acid ’ is alloAved to settle water and soda, all at the proper temperature. 

arid wdthdraAvn. T'- ■ • -'ion of the The ‘ .sludge’ becomes quite solid on standing, 

’ acid is added and . ■ . . ■ ■ agitation and is not worked over. After settling, the 

i takes place. The ' ' ' • i id needed paraffin oil goes to the chill rooms, where, by 

for an average distillate is about l|-2 p.c., or the aid of the ‘ - machines 

about 6 lbs. of acid to the barrel of oil. The acid and the circula • ■ ■ ■ . the whole 

as drawn off is dark-blue or reddish-broAAm in ■ ’••• I ’ ' ' . ' 'olid condition. 

I colour, and is charged with the sulpho- com- ” • ■ . • ■ iperatures, and 

pounds of the olefines and other unsaturated i ' > ■ s off is collected 

hydrocarbons, Avhilo the free sulphur dioxide ■ r . ' i ■■ . t may be broken 

escapes in abundance. The oil, after treatment, i ■ . - . i ■ ■ .s ■ . ■ ! then submitted 

1 ij consists of the paraffin hydrocarbons largely do s cm greater qu'essu re a i; a mgner temperature 

ii ' freed from admixture Avith olefines and other (70°E.) than before, when it is known as ‘ refined 

I T-i '■'ilonr it has been changed wax.’ To convert it into block paraffin it must 

' ; ■ i 1 - to a very light straw be Avashed with benzine, pressed, melted, and 

i i uoAV Avashed Avith Avater "‘lected filtering clay, when it is 

' 1 introduced through a perforated pipe running ■ ■ i ' ■ * ; colourless and solidifying to 

il I j round the upper circumference of the tank, a hard translucent block. 

,j !■ This Avater percolates through the body of the The distillation of residuum is continued 

; oil, removes the acid, and is alloAvcd to escape until the bottom of the still becomes red hot, 

; in a constant stream from the bottom. when yellow vapours issue from the tail-pipe 

i : , When the wash-water shows no appreciable and a dense resinous product of a light yellow 

1 : acid taste or reaction the Avashing is stopped colour and nearly solid consistency distils over. 

I : and about 1 p.c. of a caustic soda solution of This ‘ yellow Avax ’ contains anthracene and 

I , : 1 2°B. is intTOduced and the oil is again agitated, other higher pyrogenic hydrocarbons. Its only 

I I; When this is drawn off the oil is ready for the use at present is to add it to paraffin oil to increase 

jj 'i settling tanks. Washing with Avater after the density and lower cold tests. The coke remain- 

ji i soda treatment sometimes follows, but is not ing in the still amounts to about 12 p.c. Reduced 

s i general. The settling tanks are shallow tanks, oils, obtained by careful driving off of the light 

;!■ ' exposed to air and light on the sides, and in fractions of the crude petroleum Avithout crack- 

s these any water contained in the oil settles out ing, as stated before, are of great value as 

1 and the oil becomes clear and brilliant. The lubricants. They are generally made by vacuum 

j! A tanks are provided Avith steam coils for gently distillation, and the use of superheated steam 

: : Avarming the oil in cold weather to facilitate this instead of direct firing. They are either brought 

: separation. The bringing of the burning oil iato the market at once Avithout further treat- 

fractions to proper fire-test is now always ment or after a bone-black or clay filtration. 

’y” ‘ steam-stilling,’ or taldng out This production of filtered oils is usually com- 

[ . ■■ until teat is reached. These bined Avith the manufacture of vaseline or 

V light vapours are of course condensed and go ‘petrolatum,’ as it is now knoAvn in the U. 8. 

i : into the gasolene tank. Pharmacopoeia. Taking a vacuum residuum as 

li ' In the refining of the Canadian oil which the raAV material, this is melted and run on to 

A ' contains, sulphur impurities, after the caustic filters of fine granular well-dried hono-hlack. 

f soda Ava filing, the oil has been treated Avith a The filters are either steam-jacketed or are 

*' solution of litharge in caustic soda, agitation placed in rooms heated by steam coils to ]'20°E. 
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or higher. The first runnings are colourless; 
and ah up to a certain grade of colour go to the 
manufacture of vaseline. Beyond that the 
filtrate is known as ‘ filtered cylinder oil,’ and is 
used as lubricant exclusively. 

The process of filtration of oils through 
fuller’s earth, now extensively practised with 
lubricating oils and paraffin, has also been 
applied in an experimental way by Dr. David 
T. Day, of the U.S. Geological Survey to crude 
petroleums with interesting results, showing 
not only a decolourising effect, but in addition 
a fractionation. These results are briefly 
summarised thus (Bulletin, 305, U.S. Geological 
Survey) : ‘ 1. When petroleum is allowed to rise 
in a tube packed with fuller’s earth, there is 
a decided fractionation of the oil, the fraction 
at the top of the tube being of lower specific 
gravity than that at the bottom. 2. When 
water is added to fuller’s earth which contains 
petroleum, the oil wliich is displaced first differs 
in specific gravity from that which i.s displaced 
afterwards when more water is added. 3. When 
petroleum is allowed to rise in a tube packed with 
fuller’s earth, the paraffin bydrocnrhon? tend 
to collect in the lightest i'rac'.i jii ■•.i. i;op of 
the tube and the unsaturat-*'! '^■""'1 — 
the bottom. 4. When oil is ■ ’ 
earth and then displaced with water, about 
one-third of the oil remains in the earth.’ These 
results are interesting, as throwing light upon 
the occurrences of different grades of crude oil 
under different geological conditions. 

There are several relatively new lines of 
manufacture of petroleum products that also 
reguire special mention. 

The great demand for gasoline for automo- 
bile, motor-boat, and manufacturing processes 
has caused petroleum refiners to turn to all 
possible sources of ” ■ Normally 

100 barrels of ern . v 1 ! T barrels of a 

good quality gasolene, and ” - ---r of 

gasolene has now risen to 2' " i.' ■■■') ■ • ■ per 

year. Much attention hae • g’ /en 

to obtaining a light gasolene by condensing 
the heavier portions of natural gas, especially 
what is termed ‘ casing-head gas.’ In West 
Virginia and south-eastern Ohio several plants 
have been started for condensing from this gas 
its liquefiable portions. Gas-pumps are in use 
for drawing from petroleum wells the heavier 
portions of the petroleum gas, much of which is 
condensable. In California largo quantities of 
heavy petroleum gas are also obtained, and it is 
stated that every 1000 feet of the gas will yield, 
on condensation, two gallons of gasolene. As 
thousands of irrigating plants are driven by 
gasolene engines, and many gas motors are in 
use for aU kinds of work, the demand for gasolene 
has made this new source a very welcome one. 

Gas oils are now v" Ir'l t-’ -- extensively 
from such crude !■.■;■ petroleum, 

whichd ■ ^ T^-- 'r ■ . 

andaro’ ■ 

Theoil-j' ■ ■ ' . ' '■ • 

power, and is mixed ’ ' ' ' which, 

although cheap, has no ’ ' ■ ' ' ■ , unless 

carburetted. 

Petroleum residuums, n- ■i d •■!;■- Tama 

residuum and latterly the Mid-'. Bni i--,- r;: oil 
residuxxms, are blown -with a current of air, 
while kept at a temperature below their distilling- 
VoL. IV.— T. 


point, -with the result of the formation of a semi- 
solid or solid product resembling asphalt and used 
.at present extensively as a flux for the hard 
natural asphalts. The California petroleum 
readily ; ' ’ ' ■ ■ -esidue when distilled 

and mu for paving purposes 

is_ made in this state. Sulphur, when heated 
with the liquid California petroleums of asphaltic 
base, also causes a thickening and the production 
of a solid asphaltic flux. 

V. Gharacter of Products and Utilisations. 

The names of commercial products obtained 
from petroleum have, of course, been almost 
infinitely varied, as each manufacturer has his 
trade names for his special products. We shah 
only designate the generally accepted classes of 
products. The first fraction commercially ob- 
tained is the ‘ 1: Pr 'm this may be 

obtained by ■■ ' h « ' ■ and proper 

condensation : — 

Gymogene, gaseous at ordinary temperatures, 
but liquefiable by cold or pressure, b.p. 0°C., 
sp.gr. 110°B. Used in the manufacture of ice. 

Bhigolene, condensable by the use of ice and 
salt, b.p. 18-3°0., sp.gr. 0-60 or 100°B. Used 
as an ansesthetic for mecT’ ■ • ^ r ■ ■ ". 

Light Petroleum or P- ' > ■ • ' ■> , , 

oil), b.p. 70°-90°C., sp.gr. 0 -650-0 -666 or 85°- 
80°B. Used as a solvent for caoutchouc, asphalts, 
and fatty oils, and for carbnretting air in gas 
machines. 

The light petroleum used by chemists for 
solvent purposes may be very light, 88“B., or 
may be as heavy as C2°B., which latter is used in 
certain classes of extraction. 

Ligroin is another name for light petroleum. 

Benzine (deodorised), sp.gr. 0-638-0-660 at 
25°0. (82°-89°B.), boiling at 45°-60'‘a., is the 
light solvent described in the Th « , p> - -v- - - - - - -- - _ 

Gasoline. This term is i i - . 

to the product used for . . ■ ■ ■ ■ 

boats, and internal-combustion engines, and 
because of its demand may vary quite widely 

in quality. Moreox-’-. made 

now not only from . * . ■ - ■ ' ■ ' . ' it from 

oils like California ■ ■ . ■ ■ i . which 

are differently constitute'’' 
products will differ quite - ' 

characters. Thus a Calif or i: ' . ■ - . ' ■ ’. 

gravity will evaporate at ordinary tempera- 
tures much more readily than Pennsylvania 
gasoline reading 80°B. or higher. Or again a 
well-made G0°-63° gravity naphtha, manufac- 
tured from Mid-Continent crude, has a lower 
b.p. than 76° gravity naphtha made from 
Pennsylvania crude. 

In general, commercial gasolines are of 
heavier gravity than before the demand grew 
to its present figures. 

Burning oil or Icerosene. The different 
burning oils are known often by special names, 
of which the number is legion, but they are 
graded by the American petroleum exporters, 
chiefly according to the two standards of coloxir 
and fire-test, the colours ranging from pale- 
yeUow (standard-white) to stra— 
and colourless (water-white), i ' : ■ 

which the commercial oils are mostly brought 
are 110°E., 120°F., and 150°E., that of 110° 
going mainly to the Continent of Europe and 
to China and Japan, and that of 120° to England. 
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Most of the kerosene for export is now refined 
on the basis of the Abel test. An oil of 150°F. 
fire-test and water-white in colour is known in 
the trade as ‘ head-light oil.’ An oil of 300° 
fire-test, and sp.gr. 0-829 is known as ‘ mineral 
sperm ’ or ‘ mineral-colza ’ oil. 

Lubricating oils from petroleum have assumed 
an importance which is increasing every year. 
Some crude petroleums like those of Franklin 
and Smith’s Ferry, Pennsylvania, Mecca, OMo, 
Volcano, W. Virginia, and other localities, 
are natural lubricating oils, requiring little 
or no treatment to fit them for use. The 
other petroleum lubricating oils are prepared 
in one of two ways — either by driving ofi 
the light hydrocarbons from the crude oil, 
yielding what is called a ‘ reduced oil,’ or 
they are the oils obtained by distilling the 
petroleum residuum in tar-stills. The lightest 
of the lubricating oils, varying in gravity from 
32°B. to 38°]3., are frequently called ‘ neutral 
oils.’ They are largely used for the purpose of 
mixing with animal or vegetable oils, and it is 
therefore necessary that they should be thoroughly 
deodorised, decolourised, and deprived of the 
blue fluorescence or ‘ bloom.’ The first two 
results are accomplished by bone-black filtration, 
the last in various ways, such as treatment with 
nitric acid, addition of small quantities of 

' ■■■!,.’ , ■ ■ oils are called ‘ spindle ’ 

!■ . „.i-' ■.■■■. S. P. S. 

PeTROLETTM JrKOM OTHBB SOURCES THAN" 
America. 

Towards the close of the nineteenth century 
the United States and Russia occupied positions 

of gr respect of the present 

and ' ‘ ■ of petroleum than is 

now ■ . , ■ : recent years there has 

been great activity in the exploration of petro- 
liferous regions and the exploitation of other 
sources of sxxpply, -with the result that, although 
the United States furnishes considerably more 
than half the aggregate output, many other 
countries are now contributing on a scale of 
increasing commercial importance, and the pro- 
duction of petroleum has become widespread 
in character. 

In these circumstances it is desirable to 
give statistics ■ . -i”' droleum 

for 1911, th ■ official 

returns are : , ' i * ■ ^ ■ ■ : y ding to 

supplement the account of the petroleum 
industry in the United States by particulars 

* of the ■: ■’i"': ■'■• ''nstry in other countries 

{see to;^p . ■ . • ■ , . 

Bussia. 

There can be little doubt that the so-called 
Eternal Fires at Surakhani, on the Apsheron 
peninsula, have been frequented by fire- 
worshippers since the commencement of the 
Zoroastrian period, to which the date of 600 
B.o. has usually been assigned, although the 
temple which now stands in that locality is 
considered to be of Hindu origin, and is probably 
not more than two centuries old.‘ In Gibbon’s 

* When the present writer visited Baku in 1884, 
he found this temple deserted, and the lires extinguished, 
but he had no difficulty in igniting the gas. 


World’s Production oe Crude Petroleum 



m 1911. 

(Day.) 

PoreentaKo 
of Total. 

Source. 

Metric Tons. 

United States 

29,393,252 

63-80 

Russia 

9,066,259 

19-16 

Mexico 

1,873,522 

4-07 

Dutch East Indies 1,670,608 

3-52 

3-2J 

Roumania 

1,544,072 

Galicia 

1,458,275 

3 ’04 

India 

897,184 

1-87 

Japan 

221,187 

0-48 

Peru 

180,406 

0-40 

Germany 

14(f,000 

0-29 

Canada 

38,813 

0-08 

Italy 

10,000 

0-02 

Other Countries* 

26,607 

0-00 


46,626,334 

100-00 

* 

Estimated. 



‘ Decline and Fall of the Roman Empire ’ it is 
recorded that Heraclius, having, in a.d. (>24, 
wintered in the Mogan Steppes, at the mouth 
of the river Kura, 70 miles south of BaliU, 

‘ signalised the zeal and revenge of a Christian 
Emperor. At his command, the soldiers ex- 
tinguished the fire and destroyed the temple 
of the Magi.’ 

Marco Polo, writing in the thirteenth century, 
says, ‘ On the confines towards Goorgino, there 
is a fountain from which oil springs in great 
abundance, inasmuch as a hundred shiploads 
might be taken from it at one time. This oil 
is not good to use with food, but ’tis good to 
burn, and is also used to anoint camels that have 
the mange. People come from vast distances 
to fetch it, for in all the countries round them 
is no other oil.’ ^ With reference) to this, 
Colonel Yule remarks, ‘ Though Mr. Khanikoll 
(the celebrated Russian traveller) points out 
that springs of naphtha are abundant in the 
vicinity of Tiflis, the mention of shiploads (iii 
Ramusia, indeed, ” - by the 

editor — to camel-loa ■ ■ quantities 

spoken of, point to the naphtha wells of the 
Baku peninsula on the Caspian. Ricold speaks 
of their supplying the whole country as far as 
Bagdad, and Barbaro speaks of their practice 
of anointing camels with oil.’ Peter the Great, 
upon annexing Baku in 1723, made arrjinge- 
ments for the collection of the oil and its trans- 
portation up the Volga. A few years later, 
Baku having meanwhile been restored to 
Persia, attempts were made by England to 
establish a trade with India vid the Caspian 
Sea, and, some complications having arisen, 
Mr. jTonas Han way was deputed to proceed to 
Persia to investigate affairs. Upon his return 
Mr. Hanway published, in 1764, An Account of 
British Trade over the Caspian Sea, wherein 
tb* b”,-.-- ■ - ly -ices to petroleum occur: 

' ■ ■ ■ ; or Fire-worshippers, call 

Fv- ’ w , ig a, phenomenon of a very 

" ■■ This object of devotion 

lies about ten English miles north-east by east 
from the City of Balcu, on a dry rocky land. 
There are several ancient temples built with 
stone, supposed to have been all dedicated to 

' The Book of Ser Marco Polo, the Venetian. lildilcd 
by Colonel Henry Yule, C.B., London, 1871. 
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fire. Amongst others is a little temple at which 
the Indians now worship. Here are generally 
forty or fifty of these poor devotees, who come 
on a pilgrimage from their own country. A 
little way from the temple is a low cleft of a 
rook, in which there is a horizontal gap, two 
feet from the ground, nearly six long, and about 
three broad, out of Avhich issues a constant 
flame, in colour and gentleness not unlike a 
lamp that burns with spirits, only more pure. 
When the wind blows it rises sometimes eight 
feet high, but much lower in still weather. 
They do not perceive that the flame makes any 
impression on the rock. This also the Indians 
worship, and say it cannot be resisted, but if 
extinguished wiU rise in another place. The 
earth round the place, for above tAVo miles, has 
this surprising property, that by taking up two 
or three inches of the surface and applying a 
live coal the part which is so uncovered im- 
mediately takes fire, almost before the coal 
touches the earth; the flame makes the oil 
hot, but docs not consume it, nor affect what is 
near it with any degree of heat. Any quantity 
of this earth carried to another place does not 
produce this effect. Not long since eight horses 
were consumed by this fire, being under a roof 
where the surface of the ground was turned up, 
and by some accident took flame. If a cane 
or tube, even of paper, be set about two inches 
in the ground, confined and closed Avith earth 
below, and the top of it touched with a live 
coal, and bloAvn ■ ■ ^ a flame issues 

Avithout hurting ■ ■ ■■ or paper, pro- 

vided the edges be covered Avlth clay ; and 
this method they use for light in their hou.ses, 
which have only the earth for the floor. Three 
or four of these lighted canes Avill boil Avater in a 
pot, and thus they dress their victuals. The 
flame may be -y-’-.--'' the same manner 

as that of spir ■ ■ ■ ' . ■ ground is dry and 
stony, and the more stony any particular part 
is, the stronger and clearer is the flame ; it 
smells sulphurous, like naphtha, but not very 
offensive. Lime is burnt to great perfection by 
means of this phenomenon, the flame communi- 
cating itself to any distance Avhero the earth 
is uncovered to receive it. The stones must 
bo laid on one another, and in three days the 
lime is completed. Near this place brimstone 
is dug, and n<aphtha springs are found. Baku 
supplies Ghilan and Mazanderan and other 
countries contiguous with naphtha.’ HanAvay 
adds that ‘ the chief place for the black or dark- 
grey naphtha ’ Avas ‘ the small island Wetoy, 
now uninhabited, except at such times as they 
take naphtha from thence.’ The island thus 
referred to is Sviatoi or Holy Island, Avhich 
lies at the extremity of the nr-niri-ula of Ap.=hr-r“r;. 
Of the Wetoy naphtha l!ni'..A;y !-:,a;.. ‘ Ti.e 
Persians load it in bulk in their wretched vessels, 
so that sometimes the sea is covered with it for 
leagues together. When the weather is thick 
and hazy, the springs boil up the higher, and 
the nax)htha often takes fire on the siirfaco of 
the earth, and runs in a flame into the sea in 
great quantities, to a distance almost incredible. 
In clear Aveather the springs do not boil up above 
tAVO or three feet ; in boiling over the oily 
substance makes so strong a consistency as by 
degrees to almost close the mouth of the spring. 
Sometimes it is quite closed, and forms hillocks 


that look as black as pitch, but the spring which 
is resisted in one place breaks out in another. 
Some of the springs which have not been long 
open form a piouth of eight or ten feet diameter. 
The people carry the naphtha by troughs into 
pits or reservoirs, draAving it off from one to 
another, leaving in the first reservoir the water 
or the heaAder part Avith which it is mixed when 
it issues from the spring. It is unpleasant to 
the smeU, and used mostly among the poorer 
sort of the Persians and other neighbouring 
people, as Ave use oil in lamps, or to boil their 
Arictuals ; but it communicates a disagreeable 
taste. They find it burns best Avith a small 
admixture of ashes. As they obtain it in great 
abundance, every family is well supplied. They 
keep it at a small distance from their houses, 
in earthen vessels underground, to prevent any 
accident from fire, of Avhich it is extremely 
susceptible.’ H i — -- -v- -1 escribes a ‘ white ’ 
variety of ' ; ! i , ■ ■ . on the peninsula 

of Apsheron, as ‘ of a much thinner consistency 
than black naphtha. The Russians drink it 
both as a cordial and medicine ; but it does not 
intoxicate. If taken internally it is said to be 
good for the stone, as also for disorders of the 
breast, and in venereal eases and sore heads ; 
to both the last the Persians are very subject. 
Externally applied, it is of great use in scorbutic 
pains, gouts, cramps, &c., but it must be put 
to the part affected only ; it penetrates in- 
stantaneously into the blood, and is apt, for a 
short time, to produce great pain. It has also 
the property of spirits of Avine to tal^e out 
greasy spots in silks or woollens, but the remedy 
is worse than the disease, for it leaves an abomin- 
able odour. They say it is carried into India as 
a great rarity, and being prepared as a japan 
is the most beautiful and lasting of any that 
has yet been found.’ A third source of petro- 
leum mentioned by Hanway is the island of 
Tcheloken on the eastern side of the Caspian. 
Of this island, on which at the present time great 

aotiAuty prevails in -r — 

Captain Woodroffo saye. ■ ' ■ . 1 

came in close under the ( ' , ‘ , 

as the Russians call it. The Persians call it 
Cherrikon. The coast is difficult of access, 
being high. It contains about thirty-six families 
who have twenty- eight large boats, Avith several 
weUs of naphtha. The people exist entirely 
by piracy. To remedy this evil Nadir Shah, 
some years ago, offered to forgive all that was 
past, and to receive them into his favour, if 
they would come and settle about Astrabad Bay, 
where they might have lands and sell their 
naphtha to the inhabitants of that quarter. 
This they accepted, and carried on a brisk trade 
for about two years, selling their naphtha to 
the Persians, Turkomans, &c. ; but, getting 
tired of tiffs way of living, returned to their 
trade of piracy.’ 

Russia again annexed Baku in 1806, and the 
monc- • ■'•.rolcum Avas conferred 

on a ' : ■ ■ ■ of Mirzoeff, Avho held 

it until 1872, Avhen the monopoly was revoked 
and a tax imposed. 

The abolition of the ’■ " " effect 

of greatly ; . and 

Mirzoeff did i ■ ' • ■ '■ position of supre- 
macy, for in ■ ■ i' I Company struck 

a fl.owing Avell which yielded a largo supply ; 
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and in the following year the Transcaspian 
Trading Company, afterwards called the Baku 
Petroleum Company, took the lead in the 
business. In 1875 Messrs. Nobel Brothers 
commenced the systematic production, refining 
and transportation of petroleum upon a large 
scale, and by the introduction of approved 
appliances for drilling and refining, as well as 
by the installation of a complete system of pipe- 
lines, tank steamers, tank barges, tank railroad 
waggons, and storage tanks, inaugurated a new 
era in the Russian petroleum industry. 

Por many years these operations were con- 
fined to a few square miles in the Baku dis- 
trict, the producing fields including Balakhani, 
Sabuntchi, Romani, and Bibi-Eibat, but within 
this small area such prolific wells were drilled 
that a very large production was obtained. 
Thus the celebrated Droojba fountain, com- 
pleted in 1883, commenced spouting at the 
rate of 1,600,000 to 2,000,000 gallons daily, 
valued at £11,000, and other wells drilled within 
later years have had for a time a daily yield 
of more than double that quantity. 

In 1893 the Grozni field, which lies about 
300 miles north-west of Baku, began to attract 
attention, and two years later it gave so pro- 
ductive a fountain that the outflowing oil con- 
verted a neighbouring valley into a vast lake 
in which largo ships could have floated. Erom 
that time the progress of "Grozni was rapid, and 
it now ranks as one of “the great oilfields of 
Russia. ” 

The oilfield of Maikop, in which a large 
amount of English capital has already been 
expended in drilling operations, is situated in 
the Kouban territory, about 300 miles west of 
Grozni. The early promise of large production 
from moderate depth given by the completion 

of pr"’-'^-' —ells has not been fulfilled, 

but . . being drilled. Meanwhile, 

however, a steady yield is being obtained from 
certain parts of the field. Other petroliferous 
lands lie still further to the north-west on the 
Taman Peninsula. 

As already mentioned, the Island of Tche- 
loken, on the eastern side of the Caspian Sea, 
•is now being actively exploited with the drill, 
and spouting wells have been obtained. Ozo- 
kerite is also being obtained here in commercial 
quantity. 

Another district in which spouting wells 
have recently been obtained by drilling is that 
of Gurieff, in the province of Uralsk, on the 
northern side of the Caspian Sea. 

The cable system of drilling, commonly em- 
ployed in the United States, which has already 
been described, has not found favour in Russia, 
although it has been used. The method adopted 
is, however, substantially similar, in the sense 
that the strata are perforated by rapidly succes- 
sive blows of a steel bit, or cutting chisel, 
suspended from the end of an oscillating beam, 
but the drilling tools are attached to the beam 
by a string of screw-jointed iroir rods, added to 
as the depth of the well increases, instead of 
■ . ■■n..- I by a Manilla cable, as in America. 

.V-: lii'.: progresses, the detritus is, from 

time to time, removed from the bore-hole by 
moans of a long cylindrical vessel -with a foot- 
valve, as in the American system. The well is 
also similarly lined with iron casing, but, owing 


to the large diameter, riveted casing is used in 
place of screwed artesian easing. The greater 
diameter of the Russian wells is due to the need 
for providing for the use of a bailer (valved 
cylinder) for raising the oil when the well does 
not flow, the oil containing so much sand that 
pumps cannot be used. To some extent the air- 
lift system of raising the oil has been substituted 
for bailing within recent years. Motive po\yer 
for the drilling machinery is ordinarily supplied 
by a steam-engine, and it is customary to take 
the steam supply from a central generating 
station, but the internal combustion engine is 
also employed, and the use of electricity as a 
motive power is growing. The oil is transported 
to the refineries by means of pipe-lines, as in 
America, and is to some extent stored in similar 
iron or steel cylindrical tanks of largo size, 
but earthen storage reservoirs are also largely 
used. 

In the refining of the crude oil it is tins 
practice to adopt the system of continuous 
distillation, which consists in causing the oil to 
flow through a connected series of horizontal 
stills heated to successively higher temperatures, 
each still being provided with a separate con- 
denser, so that a series of distillates of prf)- 
gressively higher boiling-points is simultaneously 
obtained. In this respect the process of 
fractional distillation differs from that adopted 
in America. In the treatment of Baku petro- 
leum the refiner aims at obtaining the largest 
yield of the ostatki, or residuum, for which 
there is a large sale as liquid fuel, the kerosene 
being a product of secondary importance, 
though a certain proportion of the residuum is 
further distilled for the manufacture of hibri- 
cating oils, as in America. The ‘ cracking ’ 
process, largely employed in the United States 
as a means of increasing the yield of kerosene, 
is not adopted in Russia, and in this respect 
also the procedure in the two countries differs. 
The yield of kerosene from the crude oil of the 
older Russian fields does not usually exceed 
25-30 p.c., and in the manufacture of the 
lubricating oils there are no solid hydrocarbons 
to be separated in the form of paraffin wax, as 
in America ; but oils are now being met with 
in the newer Russian fields which not only 
contain a far larger proportion of the more 
volatile hydrocarbons, but also a considerable 
percentage of solid hydrocarbons. 

The crude petroleum of the Balcu district 
has a specific gravity usually within’tho limits 
of 0-855 and 0-875. It is of dark-brown colour 
and not unpleasant odour. In chemical com- 
position it differs from Pennsylvania and othcu 
United States oils in largely consisting of hydro- 
carbons of the C„H 2 ,j series, which belong not 
to the ethylene group, but to what is known as 
the naphthene, or group. 

The yield of benzine from the oil of the 
Balalihani-Sabuntchi field is very small, but 
a larger proportion of this product is obtained 
from the Bibi-Eibat oil. The kerosene ordi- 
narily has a specific gravity of about 0*825, 
which is considerably higher than that of tlie 
parallel United States product. Of residuum 
(ostatki), or fuel oil, with a specific gravity of 
about 0*912, the yield is from 50 to 60 p.c. 
The flash-point of this fuel oil is about MO'’!’,, 
and its calorific value is 10,800 calories, or 
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19,440 B.T.U. The comparatively small pro- 
portion of the residuum which is subjected to 
further distillation for the manufacture of 
lubricating oils yields first an intermediate 
product, known as solar oil, which is largely 
used as a source of gas for illuminating purposes. 
About 30 p.c. of the residuum is represented by 
a machine oil of a specific gravity of about 0-908, 
and of fairly high viscosity, which is an excellent 
lubricant for general use. 

The crude petroleum of the Grozni field is 
of higher specific gravity than that of the Baku 
region, but contains a larger proportion of the 
more volatile constituents. 

Eor consumption in Russia the kerosene is 
conveyed from the Baku refineries in bulk by 
tank-steamers to the mouth of the Volga, and 
thence by tank-barges and railway tank- 
waggons. Eor shipment abroad the kerosene 
was formerly transported to Batoum by railway 
tank- waggons, but within recent years a pipe- 
line for the conveyance of it to the Black Sea 
has been in operation. 

Austria-Hungary. 

Galicia. The petroleum industry of Galicia 
is one of considerable antiquity, for the oldest 
historical records show that the oil was collected 
for use as cartgroase from very early times, and 
as a medicinal agent Galician petroleum was 
held in high repute, under the name of ‘ earth 
l)aisam,’ as far back as 150G. In 1810, or between 
that year and 1818, oil from the Drohobycz 
district is said to have been distilled by Hooker 
and Mitis in a small refinery at Kabicza, and 
the product is reported to have been used for 
lighting the Alstettering in Prague. Refining 
does not, however, appear to have been generally 
practised until 1852, when a manufacturer of 
cartgreaso named Schreiner took some of the 
liquid condensed on the cover of a vessel in 
whichhe hadheatedthcerudeoilto an apothecary 
of the name of Mikolasch, whose assistants, 
Lukasiewicz and Zeh, treated the distillate with 
sulphuric acid and caustic soda, and obtained 
a burning oil of such excellence that renewed 
attention was directed to the subject. In the 
following year Galician petroleum replaced 
candles for lighting the station of the Emperor 
Eerdinand’s North Railway, and in 1854 it 
obtaumd a footing as an article of commerce in 
Vienna. 

The Galician oil-deposits extend for a length 
of about 220 miles, with a width of 40 to 60 
miles, in a general north-westerly and south- 
easterly direction along the northern slopes of 
the Carpathian mountains. The unexploited 
deposits in Bukowina and in Transylvania, and 
the highly important and rapidly developing 
oil-fields of Roumania, occupying the south- 
eastern and southern slopes of the Southern 
Carpathians or Transylvanian Alps, may be 
regarded as an extension of the Galician deposits. 

The earliest systematic exploitation of the 
petroliferous lands of Galicia was commenced 
in 1854 in the Bobrka district, Ijotwcen Krosno 
and Dukla ; but the wells were merely shallow 
hand-dug shafts, which yielded no great 
quantity of oil, and it was not until many years 
later, when drilling by steam-power was adopted, 
that the production assumed commercial im- 
portance. To Messrs. Bergheim and MacGarvey 


the credit is duo of having laid the foundation of 
the present Galician petroleum industry by the 
introduction of the Canadian system of drilling 
in the year 1882. This system, which differs 
mainly from what is Imown as the American 
system in the use of wooden rods instead of a 
c'.’’- C' drillmg tools, 

■ < ■ . , ' . : I . , , • it had proved 

to be for Canada, and for many years the only 
alteration made in it was to increase the weight 
of the tools ; but latterly the much greater 
depth of the wells has led to the employment 
of a combination of the rod system with a 
wire-cable system. The chief centre of the 
r — .v -; - Galicia is the prolific 

'■ ■ .. -i’ ■ field, which yields a very 

large proportion of the total output. Many of 
the wells here exceed 1000 metres in depth, and 
are costly to drill, but flowing ‘ \ 

obtained, and the production > ■ ■ : 

that heavy expenclituro in drujung is justiineo. 
The crude oil is of good quality, and yields 
all the usual commercial products, including 
paraffin wax. 

The world’s supplies of ozokerite are mainly 
obtained from the Boryslaw mines. The ozo- 
kerite deposit, which is unique in character, 
extends over a pear-shaped area, the richest 
part of which is only about 52 acres in extent, 
and is mined by means of shafts and drifts or 
galleries. It occurs in veins of varying thick- 
ness, and is mined by picks. The ozokerite 
is obtained partly in fragments of nearly pure 
material, but more largely in admixture with 
the matrix, from which it is separated by hand- 
picking or sorting and by the use of hot water, 
a furtW yield being obtained by the use of 
benzine as a solvent. The crude ozokerite, 
which is of dark grc'.-niih-browr, colour, and 
about as hard as bo-'.-v. cx, i; iv.elied, cast into 
blocks, and delivered to the refincrieSj where it 
is treated with Nordhausen oil of vitriol and 
afterwards with charcoal. The purified and 
partly decolourised material, which is known 
as ceresin, has a m.p. of 61° to 78°, and is largely 
employed as an adulterant of, or even as a 
substitute for, beeswax in the manufacture of 
church candles. Eor the production of the sub- 
stance of which ordinary candles of high melting- 
point are made, the crude ozokerite is subjected 
to distillation in a current of superheated steam, 
when about 60 p.c. of wliite wax of a m.p. of 
140°E. is obtained. The by-products of the 
distillation consist of light oils and a semi- 
solid substance similar to vaseline, which, after 
purification, has been used by Trench perfumers 
as a substitute for lard in the process of en- 
fleurage. The residue in the stills consists of 
a hard, black, waxy substance, which when in- 
corporated with indiarubber and subjected to 
vulcanisation, yields the product termed 
oJeonite, used in coating electrical cables. 
Okonite is not only a good insulator, but is 
remarkably flexible and tough. Erom the 
residue a ‘ heel-ball,’ employed to impart a 
black polished surface to the heels and soles of 
boots, and to the leather-work of harness, is 
also made {v. Ozokerite). 

Hungary. The oil-fields of Hungary geo- 
logically resemble those of Galicia, but the petro- 
liferous area on the Hungarian side of the 
Carpathian range is comparatively narrow, and 
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has not as yet assumed any great industrial i 
importance. ! 

lioumania. | 

As already stated, the petroliferous region | 
of Roumania may be regarded as an extension 
of that of Galicia ; it is also, doubtless, con- j 
nected under the sea mth that of the Caucasus, i 
The Roumanian deposits may be traced by the j 
outcrop from the Galician frontier to the Iron 
Gates, a distance of about 400 miles, and the 
width of the belt is from 15 to 20 miles. 

The use of the ‘ liquid bitumen ’ of Roumania 
as a medicine, as an illuminating agent, and as 
a lubricant, was mentioned by the traveller 
Raicevich in 1750, but the existence of numerous 
pits and timbered hand-dug shafts of great age 
attests the fact that petroleum was systematically 
collected in the country long before that date. 
Eor many years after the introduction of drilling 
by steam-power in Galicia the petroleum of 
Roumania was still obtained in this primitive 
fashion, and the development of the industry 
was retarded, but similar methods are now 
adopted in both countries. 

The expansion of the industry has been rapid, 
and bids fair to outstrip that of the corre- 
sponding industry in Galicia. The principal pro- 
ducing territories are in the districts of Prahova, 
Dimbovitza, Bacau, and Buzeu, and of these the 
first-named has hitherto been the most important. 

The crude oil is of excellent quality, and in 
respect of the yield of the more volatile products 
occupies a position midway between those of 
Pennsylvania and Baku oils. The manufacture 
of fuel oil from the Roumanian crude petroleum 
is very largely carried on, although the residuum 
is also converted into lubricating oils to a con- 
siderable extent. 

Sumatra, Borneo, and Jam,^ 

Sumatra. The development of the oil-fielda 
of Sumatra dates from 1885, when a flowing well 
was completed on a concession, granted two 
years previously, in Langkat, North Sumatra. 
In 1890 the Royal Dutch Company was formed 
to exploit another concession of oil-bearing 
lands in Langkat, and this company, besides 
drilling a number of wells during the ensuing 
five or six years, erected a refinery on the Bay 
of Aru, and laid a pipe-line to convey the crude 
oil from the wells to the refinery. The company 
also acquired and worked concessions in other 
distric-"-. - — p, fV- \tchin Resi- 
dency, ■ ■ . _ , . . ■ juting wells 

were . . ■ , -i. l'*’ ■ . ■ , > . ;h Sumatra. 

In IS .' ■ .* I . ■ . Petroleum 

Company was formed, and this company in 
the course of the next few years obtained a 
large yield in the Palembang district of oil of 
low specific gravity (0-765 to 0*775), for the 
transport of wliich a pipe-line was laid to a 
refinery erected on the river Lalang. In the 
same year (1897) a third company, the Moeara 
Enim Company, was formed, to work conces- 
sions on the River Enim and elsewhere in Palem- 
bang and drilled a large number of weUs, many 
of which were ‘ spouters ’ yielding from 400 to 
800 tons daily of ofi. of sp.gr. 0*792. This 

* The Bataafsche Petroleum Maatschappij, of the 
Hague, now own or control all the petroleum produc- 
tion in the Dutch East Indies. 


company’s refinery was built on the Musi, 3 
miles below the town of Palembang, and the 
distillation of the crude oil was conducted on 
the continuous principle. In 1901 a fifth com- 
pany, the Mocsi Ilir Company, was added to 
the list, and commenced work on lands situated 
on the right bank of the Musi. The ofi. obtained 
here from spouting wells had a sp.gr. of 0*812 
to 0*889. The company laid a pipe-line to 
Palembang, where a refinery was built. The 
prominent feature of the Sumat' r - - 5 ^-, - ■ 

the large percentage of spirit „ ■ ' ■ 

tillation. This spirit has become a very im- 
portant .article of commerce, and its importation 
into Great Britain has been of the greatest 
service to the automobile industry, as the 
supplies of motor spirit would otherwise Lave 
been inadequate to meet the rapidly growing 
demand. 

Borneo. The pioneers in petroleum develop- 
ment in Borneo were the Shell Transport and 
Trading r — trans- 
ferred tc , ■ ■ ■■ ■ ■ Industrie 

en Handel Maatschappij. The territory over 
which the comjmny acquired exploitation rights 
is situated on the southern half of the east coast 
of Borneo, and has an area of 500 or 600 square 
miles. It is bounded on the north-east by the 
Kutei or Mahakkam River, and it extends 
towards the south to Balik Papan Bay, but it 
embraces also a strip of land on the soutb of the 
bay. Drilling operations were commenced in 
December, 1890, but were not actively carried 
on until a year or two later. The company has 
drilled a large number of wells, of which the 
maximum depth is about 1500 feet, and many 
of these have been flowing wells yielding 
abundantly. The crude ofi at first obtained 
at shallow depth was an asphalt-base petroleum 
of high specific gravity, but subsequently a 
lighter ofi of the same character was obtained 
at greater depth, and still later a paraffin-base 
ofi of high commercial value was found. The 
company’s refinery is situated on the northern 
shore of Balik Papan Bay. The asphalt-base 
petroleum of Borneo gives a large yield of excel- 
lent fuel oil, and from the paraffin-base petro- 
leum all the usual commercial products, includ- 
ing paraffin wax, are obtained. 

Java. The petroleum industry of Java owes 
its inception to the enterprise of the brothers 
Stoop, whose interest' . : ’ ' I ly the 

Dordtsche Petroleum ” ''I- ' 

year 1886 the industry has been rapidly pro- 
gressive, and now occupies an important 
position. The chief producing territory is 
situated due south and south-west of the 
town of Surabaya, but there are also prolific 
deposits in the residency of Rembang. The 
depth of the wells range from 500 to 800 
feet, and the drilling is chiefly done by the 
water-flush system. The average production 
of the weUs is not large, but the 3 deld is 
satisfactorily maintained. The crude oil has 
a sp.gr. of 0*825 to 0-916, and it yields a large 
proportion of solid hydrocarbons (paraffin) of 
unusually high melting-point. 

British India. 

Burma. At the end of the eighteenth century 
Major Symes described the petroleum wells 
6 miles east of Yenangyaung, on the Irrawadi, 
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as supplying ‘ the -whole Empire and many 
parts of India with that useful product.’ At 
that time the oil was obtained by the natives 

from "Hallow hand-dug wells, 

but si- ' ■ ! operations have been 

actively conducted in tliis and other districts 
by the Bunn ah Oh Company, Ltd., a British 
organisation which was the pioneer in the present 
petroleum industry of Burma. The principal 
yield is obtained from the Khodoung held, im- 
mediately adjoining the areas on which the 
native weUs were dug ; but oil is also found at 
Singu and at Yenangyat, respectively about 
25 miles nearer to, and 25 miles further from, 

Rangoon. The Khodoung (Y 7- - -w . H 

oh has asp.gr. ranging fron 1 , , 

contains so large a proportion of solid hydro- 
carbons that it solidifies in cool weather. The 
Singu oil has a sp.gr. ranging from 0-731 to 0-904, 
and the Yenangyat oh ranging from 0-770 to 0 -890. 
The weUs are dcihed by the American system. 
Formerly the crude oh was conveyed by bulk- 
barges on the Irrawadi to the refineries at 
Rangoon, but the Burmah Oh Company has 
recently completed a pipe-line 276 miles in 
length from the fields to the refineries. The 
company is under contract to supply the British 
Admiralty -with oh fuel for the Navy, and has 
expended a large sum of money in making 
provision for this. 

Assam. The Assam Oil Company, Ltd., has 
acquired the petroleum interests of the Assam 
Railways a' 1 T -Y‘- mj^any. Ltd., and the 
Assam Oil and is continuing 

the work ■ ■ ■ . ; - ■ carried on by those 

companies in the Bigboi field with uniformly 
successful results. The company ha,s a re- 
finery where all the usual commercial products, 
including paraffin wax, are manufactured. 

Mexico. 

The Mexican Eagle Oil Company, Ltd., own 
large areas of proved petroliferous lands, and 
three fields are at present being exploited at 
Tanguijo, Tierra Amarilla, and Potrero del Llano, 
in Northern Vera Cruz. Fuel oil from these 
fields is now " ' i' Mexican 

Railway, the I ■ ■ ' ■ 1 ■ '' Railway, 

, ■■ 7 - ■■■-! - ’-'p inies,and thecrude 

I'- . .! ^npany’s refinery at 

!" ■ . . - - . IS recently acquired 

• > i ■ i ■ ■ of S. Pearson and 

Son, Ltd., who for some years have syste- 
matically explored the Isthmus region, where 
they have several hundred thousand acres of 
petroliferous lands. Several other companies 
are also taldng part in the development of the 
Mexican petroleum industry. 

An illustration of the difficulties and di.s- 
appointmen,ts met with in the exploitation of 
oil lands is furnished by the following par- 
ticulars of a well drilled at Dos Bocas in 1908. 
This well had reached a depth of 1824 feet, 
when a petroliferous formation charged with 
oil under imm r'--- - — -vvas suddenly and 
unexjjectedly ■. . : less than twenty 

minutes the ground round the well began to 
tremble and fissures appeared, some at a distance 
of as much as 250 feet from the well, from which 
oil and gas Avere discharged. One of these 
fissures extended under the boiler, and the gas 
was ignited. The well burned for 58 days. 
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during which time the oil consumed was esti- 
mated bo have amounted to 3,000,000 
barrels. The flame reached a height of nearly 
1500 feet, and at the broadest part had a 
diameter of nearly 500 feet. So bright was the 
light emitted that a newspaper was read by it 
at a distance of 11 miles. In addition to oil 
and gas, the well discharged immense quantities 
of water, at times at the estimated rate of 
1,500,000 barrels a day, and with the liquid 
about 2,000,000 tons of solid matter was ejected, 
a crater being thus formed which ultimately had 
an area of 117,600 square metres. The fire was 
eventua”; d'-- - pumping sand into 

the crat - ■ , . pumps. 

The ; 7 . in Mexico is rapidly 

increasing, and that country is now third In rank 
among the oil-producing countries of the world. 

Japan. 

The .Japanese oil-fields extend from the 
western shore of Saghalin in the north, through 
the western part of the highlands of Hokkaido, 
and along the coast of the Sea of Japan, and 
. ■■ the provinces of Mutsu, Ugo, 

■ . . , nd Shinano, reach to the coast 

of the Pacific Ocean in the province of Totomi in 
the south. There is also an oil-field in the 
northern part of the west coast of Formosa. 
The chief centre of the industry is in the province 
of Echigo, which produces about 99 p.c. of the 
total output of petroleum in Japan. The usual 
depth of the wells is from 600 to 1200 feet, 
and the American system of drilling is em- 
jfloyed. 

Germany. 

Petroleum is found at Wietze, Steinforde, 
Oelheim, and elsewhere in the kingdom of 
Hanover; at Lobsann, Pechelbronn, ScliAvab- 
wciler, and elsewhere in the - 
Hagenau, in Lower Elsass, '- . 

in Upper Elsass ; and in tin 
in Bavaria. The crude o ■ ■ , 

Steinforde district has a sp. gr. of 0-890 to 0-930. 
The .sji.gr. of the Hagenau oil is 0-873, and that 
of the Togernsce oil is 0-812. 

Peru. 

The petroliferous region of Peru extends 
about 250 miles in a northerly and southerly 
direction between the toATO of Turabez, on the 
Gulf of Guayaguil, and Point Aguja, and about 
150 miles cast and west, from the Pacific coast 
to the slopes of the Andes. The northern fields, 
which are in the province of Tumbez, stretch 
from the Zarumilla River, which divides Peru 
from Ecuador, to the Mancora gully. The 
central fields comprise a part of the province 
of Paita, and extend from the Mancora gully 
to the south of the Silla de Paita and Foca point. 
The southern fields arc situated in the province 
of Piura. The petroleum found in the hacieirda 
La Mina Brea and Pariuas, which lies in the 
central portion of the petroliferous zone, was 
utilised by the IiAcas for centuries, and in the 
time of Pizarro it Avas collected in trenches and 
converted, by boiling it doAvn, into a pitch of 
excellent quality - the porous 

earthen jars in ' i' ■ kept and 

transported their fermented liquors. In 1867, 
Mr. Prentice, a Pennsylvanian petroleum pro- 
ducer, commenced drilling avoUb in the Zorritos 
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field, at the northern end of the belt, and 
subsequently disposed of tlio property i.o the 
Eaustine O. Piaggio I’clrulc-mn (Jotune.uy. 
The ci'ude oil has a sx?. gr. of 0-810 to 0-840, and 
is rich in the more volatile hydrocarbons. In 
1888 the hacienda La Mina Brea and Pariiias 
was acquired by Dr, Tweddle, and the London 
and Pacific Petroleum Company was formed. 
The area of the property is 600 square miles. 
The crude oil has a sp. gr. of 0-834 to 0-848, and 
yields as much as 18 p.c. of benzine. The 
Lobitos Oilfields, Ltd., is a British company, 
formed in 1908 to acquire the pi-oix-nics of llic 
Peruvian Petroleum Syndicate, Ltd. The com- 
pany’s Lobitos property comprises an area of 
about 25 square miles on which a large number 
of prodiictive wells have beeix drilled. The 
company also has drilling rights on a further 
4560 acres in the Punta Rostin oilfield, about 
13 miles north of Lobitos. 

Canada, 

Canadian petroleum has been obtained 
hitherto only in the xwovincoof Ontario, although 
it occurs in other parts of the dominion. The 
petroliferous region of Ontario has an area of 
about 100 miles by 50 miles, but the developed 
territory is mainly confined to a belt 16 miles 
by 2 miles, situated about 16 miles east of 
Sarnia and extending nearly parallel with the 
St. Clair River. The sinldng of weUs in the 
Enniskillen districi ' "'■r''. .-s’ 

petroleum industry! ■ , . , ■ ■ 

equal in age to that of the United 'States. 
Although many of the Canadian wells have 
yielded largely at first, their output has in most 
instances quickly diminished, and the produc- 
tion is mainly obtained from a large number 
of wells yielding only a few gallons each daily. 
Natural gas is also found in Ontario, and is 
utilised as a Source of light and heat. The largest 
area over which petroleum indications occur in 
Canada lies in the region of the Athabasca and 
Mackenzie rivers, in the north-west part of the 
dominioir, where immense deposits occur of so- 
called ‘tar sands,’.- 
rated with inspissi . I 

estimated that the . i . ; ' - . ; . - ■ ’ 

amount to 28-4 cubic miles, and that they 
contain 6-5 cubic miles, or 4,700,000,000 tons, 
of bitumen. 

New Brunswick. The Maritime Oilfields 
Oompa.ny, Ltd., are carrying out drilling 
operations under a concession, of an excep- 
tionally favourable character, granted by royal 
charter in 1900, which gave the right to search 
for oil and gas over an area of 18,000 square 
miles and to select 10,000 square miles (more than 
one-third of the area of the province). The area 
selected is situated in the counties of Westmore- 
land, Albert, King’s, Queen’s, Sunbury, Kent, 
Northumberland, Gloixcester, Restigouche, and 
a portion of York, and is traversed by several 
antiolinals, on one of which, in Westmoreland 
county, wells have been drilled successfully, 
a large yield of natural gas, in addition to oil, 
having boon obtained. The crude petroleum 
is of excellent quality, with a parafBn base, 
and yields, in addition to 34 p.c. of kerosene, a 
fuel oil of high calorific value, containing only 
0-14 p.c. of sulphur. 


Italy. 

The collection of the petroleum of Miuno 
Medesano was the sulqcci of a conce.ssi 
granted by the Ducal Ohatnber in 1400, and 1 
celebrated petroleum of Modena, at one ti 
largely used for medicinal purposes, for light! 
and in the preparation of varnishes and pair 
was discovered in 1040 by Ariosto. 1 

petroleum of Montechir , 

known prior to the ■ i 

eighteenth century, whilst the deposits 
Ozzano and Rico di Eornovo did not attr 
attention until early in the nineteenth centu 
and those of Neviano de’ Rossi, Salsomiiggic 
and Lesignano do’ Bagni were found still Ia1 
Petroleum from the wells of Amiano, on ■ 
Taro, was used for lighting the cities of Gen 
Parma, and Borgo Sair Uonnino as early 
1802. The districts in Italy in which petrolo 
is found in commercial quantities are (1) 
zone of Emilia ; (2) the valley of the Pescf 
in the province of Chieti ; and (3) the vallcj 
the Liri, near San Giovanni Incarico, ah 
midway between Rome and Naples. The 
of Emilia oceux^ies the southern parts of 
provinces of Piacenza, Parma, Modena, i 
Bologna. Some of the Italian crude petiole 
has a specific gravity as low as 0-805, and if 
amber colour, but unfortunately the quam 
hitherto obtained has been small. 

Other sources of supply. 

Ill addition to the sources specified in 
tabular statement ur.-.d-.; ! i, and sc 
others incidentally d- precec 
account, there are several potentially import 
-I-,--.. .. cQimXries to which 
j '■ ■. : ■ ■ Me. 

Persia. 

The occurrence of petroleum in Persia 
been mentioned by travellers from very ei 
times, and its oollection from the pits of Ki: 
ur Susiana (Karab), 57 miles north-west 
Shuster, was fully described by Herodo 
mi.. .1 . •, tend in a gen 

■ ■ ■■ ■ ' the Turco-Por 

frontier, about 100 miles north of Bagdad 
the Persian Gulf. In the course of sur’ 
conducted a few years ago, sxiecially favour 
indications were found in two districts, on 
Zohab, in lat. 34‘’18'N., long. 45“ 65' E., and 
other near Shuster and Ahwaz, on the lU 
River, at the head of the Persian Gulf. 
1903-4 two wells were drilled at Tchiah Sou 
near Kasr-i-Shirin, in the Zohab district, 
Mr. W. K. D’Arcy, under a unique conces 
granted ,by the Shah, giving petroleum ri 
over the whole Persian Empire, with the ex 
tion of certain provinces on the Caspian 
One of these wells began flowing at a dept 
800 feet, and the other, at a greater disti 
from the crest of the anticlinal, reached o 
2100 feet. The crude petroleum had a sp 
of 0-816, and was of exceptionally high qua 
Subsequently the Burmah Oil Company, ] 
became associated with Dr. D’Arcy in the 
duct of the development, and drilled sei 
highly productive wells in the second of 
tAvo districts referred to. In 1909 the Ai 
Persian Oil Company, Ltd., was formed to 
over the concession, and has actively contii 
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th.e work. The company is constructing a 
refinery and laying a pipe-line. It may hero 
be mentioned that the Persian petroleum deposits 
extend into Turkey, and that very promising 
indications are met with in Mesopotamia. 

Egyp. 

The oil deposits of the Rod Sea have been 
known from time immemorial, but attention 
was specially directed to them during the latter 
part of the last century by the successful results 
of the exploratory work carried out by de Bay 
at Jebel-Zeit, about 160 miles from Suez, and 
Jemsah, 13 miles south of Jebel-Zeit. In 1905 
the Egyptian Petroleum Company,Ltd., acquired 
a concession over a large area at Jemsah. 
In 1907 the Egyptian Oil Trust, Ltd., took 
over the concession, and drilled a number of 
highly productive wells. On a portion of the 
area the work has been continued by the Red 
Sea Oilfields, Ltd., which was formed in 1910. 
The Anglo-Egyptian Oilfields, Ltd., the manage- 
ment of which is vested in the Anglo-Saxon 
Petroleum Company, Ltd., has recently acquired 
the licenses and assets of the Egyptian Oil 
Trust, Ltd., with a view to the active develop- 
ment of the field, and shipments of the crude 
oil have already been made. Drilling operations 
are also being conducted by the Sinai Petroleum 
Syndicate, Ltd., on the Sinai Peninsula. 

Trinidad. 

The ‘ Pitch Lake ’ of Trinidad, which is the 
most important, if not the largest, deposit of 
solid or semi-solid bitumen, was visited in 1595 
by Sir Walter Raleigh, who reported that he 
saw there ‘ that abundance of stone pitch that 
all the ships in the world might be laden from 
thence.’ The area of the deposit is about 100 
acres, and on the basis of an average depth of 
20 feet, the quantity of the material obtainable 
has been estimated at over 3,000,000 tons. 
Gesner states, in his Treatise on Coal, Petro- 
leum, &o. (New York, 1861), that it was from 
Trinidad asphalt that he first prepared kerosene. 

Petroleum apparently occurs over a great 
part of the southern half of the island. The 
first important concession of oil-bearing terri- 
tory was granted some years ago, on the initia- 
tive of Mr. Randolph Rust. It embraces an area 
of more than 50 square miles at Guayaguayare 
in the south-eastern comer of the island. Al- 
though the early drilling operations were attended 

with success, “‘"y — -vrs made in 

the work of '■ ■ concession 

passed into th ■ ■ ■ , , Petroleum 

Properties of Trinidad, Ltd. Among a large 
number of other companies recently formed to 
participate in the exploration and exploitation 
of the oil lands of Trinidad, one of the most 
important is Trinidad Oilfields, Ltd., which 
acquired the rights over areas in the Guapo and 
La Brea districts on which successful results 
had already been obtained by the Trinidad 
Petroleum Company, Ltd. It is, however, in the 
neighbourhoodof thePitch Lake that the greatest 
progress has been made. Here, through the 
enterprise of the American concessionaires of 
the lake and their associates, a number of 
prolific wells have been drilled, a refinery has 
been built, and the first shipment of the oil was 
made in the spring of 1911. There are grounds 


for hope that Trinidad m 1 
source of oil fuel for the ' ■ ■ '• 

Barbudan. 

The crude petroleum of Barbados, under the 
name of ‘ Barbados tar,’ was formerly an article 
of commerce, and occupied an important place 
as a medicinal agent. It was obtained from a 
group of hand-dug shafts known as the Lloyd 
wells, in the Scotland district of the island. 
Drilling has been conducted in this district by 
the West Lidian Oil Sjmdicate, Ltd., and subse- 
quently by the West Indian Petroleum Company, 
Ltd., but only small quantities of oil have been 
met with. 

Venezuela. 

The petroleum deposits of Venezuela re- 
semble those of Trinidad, and will probably 
become of great commercial importance. There 
are many highly promising petroliferous arca.s 
of great extent, and in the State of Bermudez 
there is a deposit of asphalt far larger than the 
Pitch Lake of Trinidad. 

Golombia. 

Remarkable indications of the presence of 
petroleum are reported to occur in Colombia. 
As many as 40 petroleum springs have been 
found at a distance of 1 to 3 miles from the Gulf 
of Uraba, near the Arboletcs, one of which is 
said to yield enough oil to fill a six-inch pjlie. 
Other springs occur on the Tilain of Medina, 
about 9 miles from the River Upia, a tributary 
of the Meta. 

Ecuador. 

The existence of petroleum in the Santa 
Elena district, about 64 miles west by south of 
the port of Guayaquil, has been Icnown for more* 
than two centuries, and the oil has from very 
early times been collected in a primitive fashion 
for local use. 

Argentina. 

On the eastern slopes of the Sierras of the 
Andes, and elsewhere, there are promising indi- 
cations of the occurrenco of petroleum ; but 
although in some localities oil has been found 
in quantity, drilling operations have not been 
generally successful. 

Newfoundland. 

The existence of petroleum on the west 
coast of Newfoundland has been known for 
about a century, for it was in 1812 that Mr. 
Parsons, after whom Parsons’ Pond is named, 
used the crude oil of this district as a cure fur 
rheumatism. Drilling operations are now being 
conducted at Parsons’ Pond. 

Alaska. 

Several weUs have been drilled in the neigh- 
bourhood of Katalla • and excellent rcsullH 
obtained, in respect alike of the abundance of 
yield and of the quality of the oil. The producing 
territory has been acquired by the Amalgamaictl 
Development Company, an organisation in 
which Canadian capitalists are largely interested. 

New Zealand. 

rni-. ...•,-..•,...1 indications occur (1) in the 
i ■ ' ■ ■■ ■ on the west coast of tlie 

island at New Plymouth and on tho adjacent 
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Sugar Loaves Islands ; (2) on the east coast | 
along a bolt of country extending from Horoera 
Point, near the East Capo, to the Okahuatin 
Block, 30 miles west of Gisborne {Poverty Bay) ; 
and (3) at Kotuku, near Lake Brunner, South 
Island. Wells drilled at Now Plymouth have 
yielded petroleum of excellent quality, with a 
sp.gr. of 0*840, and containing a large proportion 
of solid hydrocarbons. The exploratory drilling 
carried out many years previously in the Poverty 
Bay district was not attended with success, but 
as the result of further recent study of the 
geological conditions, it is hoped that both here 
and in the Taranaki district a large output may 
eventually be obtained. 

The Testing oe Ckude Petboleum and of 
Peteoletjm Peodtjcts. 


to specific gravity, as to which the restriction 
has been relaxed, in consequence of the fact that 
much of the crude petroleum now obtained has 
a specific gravity Baume below 43° : — 

‘ Crude petroleum shall bo understood to be 
pure natural oil, neither steamed nor treated, 
free from water, sediment, or any other adultera- 
tion, of the gravity of 43° to 48°jB. (0*809 to 0*780 
sp.gr.).’ 

In order to determine whether the petroleum 
is a ‘ pure natural oil ’ a sample is subjected to 
fractional distillation, each fraction being one- 
tenth of the crude oil by volume, and the 
specific gravity of the several distillates is 
determined. The following results obtained in 
the examination of two typical samples indicate 
the form of the certificate handed to the buyer. : 


1. Crude petroleum. C 

The examination of crude petroleum which 
the chemist is called upon to conduct in the 
laboratory for commercial purposes usually 
includes the estimation of water and sediment, 
the ascertaining of the specific gravity, flashing- 
■ i' "■ and viscosity, and the 

1 1 !■■ ! I ■ • ‘."d character ^ 

of the products „ ' ■ ■ distillation. 

The test recommended by Engler gives most 
useful information in regard to the commercial 
value of a sample of crude petroleum. It con- 
sists in carefully distilling the oil in a_ Wurtz 
flask, and noting the percentages of distillate 
obtained below 150° E. and either 300° F. if the ^ 
hydrocarbons present are mainly those of the ^ 
methane series, or 286° F. if they are principally . 
naphthenes, the first fraction consisting of 
benzine and the second of kerosene. 

. The natural lubricating oils (crude petro- 
leums) of Pennsylvania, Ohio, West Virginia, 
and Kentucky have boon classified by the 
West Virginia Transportation Company accord- 
ing to specific gravity, and subjected to the 
following test : — 

‘ In receiving and making delivery of oils 

■ ’’ ”■ ■ ■■ the water and sediment 

, , , ' ■ ■ ' I .e determined by mixing 

an average sample with an equal quantity of 
benzino,’^ and subjecting the mixture to 120°F. 
in a graduated glass vessel for not less than six 
hours, after which the mixture cools and settles 
not less than two hours for light grades, three 
hours for A grade, four hours for B grade, six 
hours for 0 grade, eight hours for D grade, and 
eighteen hours for heavier grades.’ The grades 
are as follows : — 

A. 37*1° Baum6 (about 0*838 .sp.gr.) and 
lighter. 

B. 33° to 37°B. (0*869 to 0*838 sp.gr.). 

0. 31*6° to 32*9°B. (0*870 to 0*859 sp.gr.). 

D. 30*f)° to 31*6°B. (0*873 to 0*872 sp.gr.). 

E. 29*0° to 30*5°B. (0*877 to 0*873 sp.gr.). 

F. 28*0° to 29*5°B. (0*883 to 0*877 sp.gr.). 

G. 28*5°B. (0*883 sp.gr.) and heavier. 

Ordinary crude petroleum, from which kero- 
sene and the other usual commercial products 
are manufactured, is in the United States re- 
quired to conform to the following rule of the 
New York Produce Exchange, except in regard 

> In the case of the more viscous descriptions of 
petroleum, the writer finds that further dilution is 
desirable. The benzine used should be previously 
saturated with water. 


Oil from Parker District. Gravity 46° Baume. 
1st Product . 72°B. 6th Product . 46°B. 
2nd „ . 62°B. 7th „ . 42°B. 

3rd „ . 57°B. 8th „ . 41°B. 

4th „ . 53°B. 9th „ . 42°B. 

5th „ . 49°B. 

Oil from Bradford District. Gravity 43° Baumd. 


1st Product . 71°B. 0th Product . 41°B. 

2nd „ . 60°B. 7th „ . 40°B. 

3rd „ . 54°B. 8th „ . 41°B. 

4th „ . 49°B. 9th „ . 42°B. 

6th „ . 46°B. 

The regular gradation in^tho specific gravities 
of the fractions exl”*" I ’ ' ' '' 

certificates is taken to 'j' 

that the oil is a natural product. 

The examination of a sample of_ crude 
petroleum with the objc< ' ■ " 
percentage of commercial ; _ i , ■ ■ ; . " . is 

not always an easy operation, especially when 
the quantity available is small. The writer is 
accustomed to conduct the fractional distillation 
in a glass retort embedded in sand, and to com- 
pare the results obtained with those furnished by 
samples of crude petroleum the yield of products 
from which on the commercial scale is known, 
but oven in these circumstances some experi- 
ence is needed in certain cases. The difficulties 
encountered arise from the circumstances that 
in practice in the United States some of the 
interi ' ■■I'.'*'- are cracked, and 

. ■ . ■ ' . , ■ ! to a larger extent 

than usually occurs when the distillation is 
conducted in a small retort in the laboratory, and 
that, on the other hand, the heavy hydrocarbons 
composing the lubricating oil are less ‘ cracked 
when properly distilled with the aid of steam on 
the large scale than when distilled on the small 
scale. The determination of the percentage of 
solid hydrocarbons is also attended with con- 
siderable difficulties when the quantity of mater ial 
operated upon is small. In every case the aim 
should be to reproduce as far as possible the 
conditions of practical Avorking. 

2. Petroleum spirit. 

In the testing of petroleum spirit, including 
petrol, gasoline, benzine, &c., it is usual to 
determine the specific gravity and range of 
boiling-points, and desirable 

' to make a fractional ■ ■ he sample 

. in order to ascertain the percentage boiling 
below a series of temperatures increasing 
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by regular intervals. 100 c.c. should be dis- i 
tilled from a Wurtz flask which is supported on i 
a sand dish and has the following dimensions : — c 
Bulb 2| ins. in diameter ; neck f ins. in c 
diameter, 5| ins. long ; exit tube 2^ ins. c 
above shoulder. The tube of the Liebig con- £ 
denser employed is 24 ins. long. The thermo- i 
meter having been adjusted with its bulb at i 
first just immersed in the licLuid, is gradually 1 
raised, as soon as ebullition becomes active, so s 
that its bulb is slightly below the rising level of 
the vapour (which can be seen with a strong 
illumination). The temperature at which the 
first drop falls from the end of the exit tube of 
the flask is taken as the initial boiling-point of 
the sample. The percentages collected in a 
100 c.c. measure glass at different thermometer- 
readings are recorded, together with the fiiral 
boiling-point, or temperature at which the flask 
becomes dry. Deodorised American petroleum 
spirit should have no disagreeable odour either 
in hulk or when evaporated on the hand. A 
small quantity evaporated in a basin over the 
water-bath should leave no oily residue. When 
petroleum spirit is used as a turpentine-substi- 
tute in paints it is important that it should 
contain no sulphur compounds. For the 
detection of these the sample may be boUed for 
a few minutes with alcohol and a few drops of 
ammonia, and nitrate of silver solution then 
added, when there should be no brown colouration. 

The presence of sulphuric acid may be de- 
tected by agitating the spirit with warm water, 
separating the water (which should exhibit no 
acid reaction), and adding to it a few drops of 
barium chloride solution. 

3. Kerosene. 

For ordinary commercial purposes the only 
characteristics which are noted in the examination 
of kerosene are the colour, the odour, the specific 
gravity, and the flashing point or fire-test. In 
certain cases, however, special tests are applied 
with the object of ascertaining whether the oil is 
of satisfactory burning quality, is of natural com- 1 
position, has been properly treated with acid, has 
been sufficiently washed, and is free from srdphuric 

acid, ""d ‘■ulphur in other forms. 

(rt ^ . ■■■ . it was the practice to 

estimate the colour of a sample by comparing it 
with that of a standard sample, the two oils 
being placed in bottles of the same size. Such 
a method did not, however, admit of an accurate 
comparison being made, and in the year 1870 
the writer adopted the plan of_ placing the 
samples in long glass cylinders which were held 
in a frame in such manner that the images of 
the glass bottoms of the cylinders could be viewed 

side by side in a mirror. ‘ was 

found to present marked . . , ■ . ■ ■ ■ case 

of a fluorescent liquid like petroleum, but the 
system was open to the objection that the 
standard samples were very liable to become 
altered in colour, and required to be frequently 
verified and corrected by experts. Moreover, 
the adoption by the Petroleum Association of 
London of precise conditions of contract neces- 
sitated the provision of a more accurate and 
unerring test of colour. Accordingly, the Com- 
mittee of the Petroleum Association decided, 
under the advice of the writer, to enaploy an 
instrument devised by Mr. R. P. Wilson for 


use with stained glass standards. This appa- 
ratus (Fig 2), whicdi ha.s admirably fulfilled tac 
object in view, consists of two similar tubes, 
closed at each end by a screw caj) carrying a 
disc of stout glass. These tubes are placed itn 
a stand at a convenient angle above a small 
mirror, by means of wliich light is reflected up- 
wards through them. At the upper ends of the 
tubes is a box ' ■ nairs of jirisiip so 

I arranged that ■ ' ■ . ■ from the mirror 



is twice reflected, and is thus brought into an 
eye-piece surmounting the box. One of the 
tubes is completely tilled with the sample of oil 
to be tested, the length of the column of liquid 
being sixteen inches, and beneath the other tube, 
which remains empty, a disc of stained glass is 
placed. On applying the eye to the eye-piece 
the circular field is seen to be divided through 
the centre by a sharp line formed by the junction 
of the prisms, the two halves being tinted to an 

extent --rr-r- the colour of the oil 

and th ■ . . ■ glass respectively. 

The glass stand.! rds repre-entmg the various 
grades of colour iii. ibv trade are pre- 

pared by the They 
I are five in m . i . ' ■ ! 

1. Water white. 

2. Superfine white. 

3. Prime white. 

4. Standard white. 

5. Good merchantable. 

The Wilson chromometer admits of an aceu- 
.. , , but where the colour 

■ ■/ , ;i' ■ . those of two stan- 

dards, there is an absence of precision in the 
statement of the result of the test. This is not 
attended with any practical inconvenieirce where 
the instrument is simply used for ordinap’^ 
routine work, but the writer has frequently 
found it necessary to record the precise colour of 
a sample, or to state by how much that colour 
falls short of a :-!.ip-.fl.ded grade. To meet tins 
'WQ/iilj - 1 lOv.ii I cIironioinctGr o.lrotici^’ 

described was designed by Stammer. In this 
apparatus there is a provision for shortening 
the length of the column of oil, so that, starting 
■with a standard of somewhat paler tint than the 
oil, the colour of the oil may be registered in 
terms of the standard. Messrs. Schmidt and 
Haensch, the -well-known philosoplucal instru- 
ment makers of Berlin, have devoted a good 
deal of attention to the improvement of Stam- 
mer’s original instrument, and have devised a 
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colorimeter which the writer has used, and of 
which he has formed a favourable opinion. 
In the construction of this apparatus (Eig. 3) 
Messrs. Schmidt and Ilaensch have desired to 
provide for the use of only one glass standard, 



the ' : . ■ r be turned to insert or 

remc . ■ * . ■ ■. r , ipen at both ends. 

so that all recorded determinations of colour may 
be strictly comparable. This would be a distinct 
advantage, since the relation between the various 
standards enumerated is a purely arbitrary one ; 
but unfortunately the range of colour is neces- 


sarily so wide that if a standard suitable for 
water-white oil is employed, the column needs 
to be so much decreased in length for oils of 
■ 1 ■ ' ■ . I k colour that the sensitiveness 

■ is seriously impaired. To 

overcome this defect, Mr. Robert Redwood has 
made several important alterations in the in- 
strument, which, while largely increasing its 
sensitiveness, admit of the colour of any sample 
of kerosene being precisely recorded on a scale 
ranging from water white (1) to good merchant- 
able (5), the space between any two of the 
colours being divided into ten equal parts, so 
that the colour of a sample midway between 
water white and superfine white would be ex- 
pressed as 1 •&. This instrument has been in use 
in the writer’s laboratory for many years, and 
has given very satisfactory results. 

(6) Odour. — The determination of odour re- 
quires considerable experience, as it is neces- 
sarily a matter of judgment, and due considera- 
tion has to be given to the origin and grade of 
the oil. It is usual to certify that the odour 
is good merchantable, or not good merchantable, 
as the case may be. 

(c) Specific gravity. — This is ordinarily de- 
termined by the use of a hydrometer, but the 
Westphal or the Sartorius specific gravity 
balance will often be found a preferable instru- 
ment. In the case of oil imported in bulk, 
where the weight of the oil is calculated from 
the volume at a given temperature, the specific 
gravity should be accurately determined by the 
use of the specific gravity bottle. 

(d) Flashing-point and fire-test. — ^This is, 

at any rate from one point of view, by far the 
most important test to which kerosene is sub- 
jected, since the petroleum trade is in most parts 
of the world conducted under legal restrictions 
in regard to the temperature at which the oil 
either commences to evolve inflammable vapour 
or takes fire and continues to burn. The manu- 
facturer of kerosene has on the one hand to 
avoid introducing into or leaving in the oil such 
of the more volat’'''' would 

-■''^■--‘'’-rrin",- ’ "i !. islaturo 

■ . ‘I unf ■ : . ■ p of the 

ordinary construction, and on the other hand 
to arrest the collection of the kerosene distillate 
before the process of distillation has resulted in 
the addition to the product of the denser hydro- 
carbons in such quantity as to impair the burn- 
ing quality. The limitation of the specific 
gravity was found to be an effectual means of 
preventing the introduction into the oil of an 
undue proportion of the heavier hydrocarbons, 
but afforded no check upon the inflammability 
of the oil ; accordingly, in the early days of the 
petroleum industry, it was customary in the 
United States to test the oil by pouring it upon 
warm water and applying a lighted taper to the 
surface, or by warming the oU in a cup placed 
in hot water, and apjDlying a flame, the tempera- 
ture at which the oil gave off ignitable vapour 
being termed the ‘ flashing-point,’ and that at 
which it took fire the ‘ fire-test.’ When, how- 
ever, it became recognised that legal restrictions 
in regard to the inflammability of kerosene were 
necessary in the interests of ijublic safety, special 
forms r” T'- ^ ■ :he testing of flashing- 

point ■ i were devised. The 

earliest of these testing instruments, known as 
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Tagliabue’s open-cup tester (Fig. 4), was con- 
structed by an instrument-maker of that name 
in New York. It consists simply of a glass cup 
to bold the oil, placed in 
a small copper water-bath, 
heated by a spirit lamp. 

A thermometer is suspended 
in the oil, and the tempera- 
ture is noted at which, on 
passing a lighted splinter of 
wood across the surface of 
the oil, there is either a 
flash of ignited vapour, or 
on a further increase _ of 
temperature the oil ignites 
and continues to burn. The 
English Petroleum Act, 
passed on July 29, 1862, 
provided that ‘Petroleum 
for the purposes of this Act 
shall include any product 
thereof that gives off an 
inflammable vapour at less 
than 100° of Fahrenheit’s 
thermometer.’ The method 
of testing was, however, not 
defined, and the Act was 
practically inoperative. Ac- 
cordingly, on July 13, 1868, 
an amending Act was passed, 
which prescribed the form 
of apparatus and method 
of testing to be adopted, 
and defined ‘ petroleum ’ 
for the purposes of the 
two Acts as including ‘ all such rock oil, 
Rangoon oil, Burmah oil, any product of 
them, and any oil made from petroleum, coal, 
schist, shale, peat, or other bituminous sub- 
stance, and any product of them, as gives off an 
inflammable vapour at a temperature of less 
than 100° of Fahrenheit’s thermometer.’ The 
prescribed apparatus for testing consists of a 
slightly conical oil cup of thin sheet-iron, pro- 
vided with a flat rim, and a raised edge J m. 
high. -Across the cup and fixed to or resting 
on the edge is a wire, which is thus J in. above 
the flat rim. The oil-cup is supported by the 
rim in a tin water-bath. The outer vessel 
having, been filled with ‘ cold or nearly cold 
water,’ as much of the oil to bo tested is poured 
into the cup as will flU it without flowing over 
the flat rim, and a thermometer with a round 
bulb, and so graduated that every 10°F. occupies 
not less than ^ in. on the scale, is then suspended 
in the oil so “that the bulb is immersed about 
in. beneath the surface. A screen of paste- 
board or wood of specified dimensions having 
been placed round the apparatus, a ‘ small ’ flame 
is applied to the bottom of the water-bath, and 
when the temperature of the ofl. has reached 
90°F., a ‘ very small ’ flame is passed across the 
surface of the oil on a level with the wire, this 
application of the test-flame being repeated for 
every rise of ‘ two or three ’ degrees in tempera- 
ture, until a ! pale-blue flicker or flash ’ is pro- 
duced. The temperature at which this occurs 
having been noted, the -r ----ated 

with a fresh sample of t"' ■ ' the 

source of heat when the temperature approaches 
that noted in the first experiment, and applying 
the test-flame at every rise of two degrees. 


The greater part of the earlier petroleum 
legislation in the United States was based upon 
fire-test and not upon flashing-point, but in 
several of the States the petroleum laws now 
prescribe a test of flashing-point. In 1879 
the New York Produce Exchange adopted the 
Saybolt Electric Tester (Fig. 6), which is an open- 
cup instrument wherein the ignition is effected 
by means of an electric spark from a small in- 
duction coil, the spark being caused to pass 
when req,uired between platinum ■ points at a 
fixed distance above the surface of the oil. The 
official directions for the use of the apparatus 
are as follows : — 

‘ Fill the metal bath with water, leaving 
room for displacement by the glass cup. Heat 
the water until the bath thermometer indicates 
100°F., at which point remove the lamp. Fill 
the glass cup with oil to top line, indicated by 
the rim surrounding cup, wMch is one-eighth of 
an inch below top edge of the cup. See that 
there is no oil on the outside of the cup, nor 
upon the upper level edge, using paper to clean 
cup in preference to cotton or woollen material. 
See that the surface of the oil is free from air 



bubbles before first flash is produced. _ Lift 
the cup steadily with loft hand and place in the 
bath. Suspend the thermometer with the bulb 
of same immersed just from view under the 
surface of oil. Adjust the flashing bar and im- 
merse the battery zincs in fluid. Try for first 
flash every degree until the same is obtained. 
Attain flash by producing spark with one stroke 
of the key. The stroke on the key should bo 
such as in telegraphy is used to produce what is 
called a dot, that is a short quick stroke. The 
first flash produced from 110° tost oil is gene- 
rally obtained when the temperature of the oil has 
arrived at 90°. The temperature of the bath 
at 100° (as per note above) will carry the oil to 
about 90°, or, in other words, to about the first 
n -.i.--,. — ithout the aid of a lamp. When 

■ ; ■■■ . -.in the oil indicates 90°, intro- 

duce lamp under the bath, and do not remove 
until the operation is finished. The tempera- 
ture of oil when placed in bath should not be 
lower than .56° nor higher tha,n 70°F. The 
flashing bar must be free from oil before adjust- 
ing for test. Draughts of air must be excluded 
from the apartment wherein tests are made. 
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Oil of 110° and upwards shall (after first flash) as prescribed in Schedule 1 of the Petroleum Act, 
be flashed afoS, 100, 104, 108, 110, 112, 1 15. 1871 (34 & 35 Viet. c. 105), is such as uniformly 
Oil of 120° and upwards, after first flash, 100, to ensure reliable and satisfactory results. 

105, no, 115, 118, 120, 122, 125. Oil of 130° ‘ 2. If not, what alterations in the method 

and upwards, every five degrees after first flash, of testing petroleum should be adopted to 
until buruinc'-point.’ secure such results, due regard being had to the 


Prior to'^the introduction of the Saybolt fact that the testing must, in many instances, 
Tester, Arnaboldi constructed an open-cup tester be carried out by persons who have had corn- 
similar to Tagliabue’s, but of greater capacity, paratively_ little experience in conducting deli- 
and provided with a mechanical arrangement cate experiments. 

for passing the test-flame over the oil. ' 3. Assuming it to be, in your opinion, desir- 

The directions for applying the test given in able to obtain a ‘ flashing-test ” for petroleum, 
the English Petroleum Act of 1868 were found whether the present “ flashing-point ” of 100°!^’. 
to be insufficiently precise, and much difference (or its equivalent under any modified method of 
of opinion existed as to the interpretation of testing which you may propose) is, in your 
the words ‘ small flame ’ and ‘ very small flame,’ judgment, calculated to afford adequate protec- 
with the result that dealers were proceeded tion to the public, without unduly interfering 
against, and in some cases convicted of selling with or restricting the trade ; if not, what altera- 
herosene declared by the local authorities to tion in this respect should be made.’ 
have a flashing-point below the legal limit of After a prolonged and exhaustive experi- 
100°P., but which had been tested by indepen- mental inquiry, in which Dr. Kellner rendered 
dent experts with satisfactory results. Moreover, , valuable assistance. Sir Frederick Abel pre- 
the open-cup system of testing was found by sented to the Secretary of State an elaborate 
experience to be in- report, dated August 12, 1870, wherein the ques- 
S capable of furnishing tions enumerated were thus answered : 

. trustworthy results in (1) The method of testing petroleum as 

the hands of unskilled prescribed in schedule 1 of the Petroleum Act, 

■ ’ persons. 1871 (34 & 35 Viet. c. 105), is not ‘ of a nature 

jjl Accordingly, Mr. uniformly to ensure reliable and satisfactory 

fr Keatos, in his capacity results.’ 

If - I of consulting chemist (2) A method of testing petroleum has boon 

of the Metropolitan elaborated for adoption in place of that pre- 
: t Board of Works, sug- scribed by the Petroleum Act, 1871, due regard 

M < S» gested the substitution having been had to the fact ‘ that the testing 

of a closed cup (Fig. 6) must in many instances be carried out by per- 
Q-- for open one, and sons who_ have had comparatively little ex- 

in 1871 a Bill to legalise perience in V’ ' experiments.' 

\ this alteration, as well This method. ■. 'i u in its general 

'' 'mI '|i||| as to amend the law nature the o: _ ' ■ . , i free from the 

■r, ' in several other re- defects inherent in the latter, and is so arranged 

lii. I ji ■, I ||j;j.|! spects, was introduced that it can be carried out, with the certainty of 

■i'l i Parliament. Tn furnishing uniform and precise results, by per- 

' fll -■ consequence, however, sons possessing no special knowledge or sidll in 

I of the test standard or manipulation. With ordinary attention in the 

limit having been fixed first instance to simple instructions, difierent 
■ I . ■ hy Mr. Keates at a operators cannot fall to obtain concordant re- 

-1. i--"' . point (85°) which it suits with it, and it is so nearly automatic in 

■_ S-UiM'jpf.H 1^^'' was contended was con- its nature that it is not, like the present method 
, siderahly higher than of testing, susceptible of manipulation so as to 

the equivalent of the furnish different results at the will of the 
Fig. 6. existing standard, the operator. 

Bill was opposed by (3) There are not, in my judgment, any well- 
tho petroleum trade, and the proposal to established grounds for considering that the 
change the form of apparatus was withdrawn ; present flashing-point of 100°F. is not ‘ calcu- 
the BiU, which passed through the final stage lated to affoi’d adc' u ' '■ ■: to the public.’ 
on August II in that year, repealing the two (4) With the ■ | ' i the new test, 

previous Acts, but again prescribing the use a minimum flashing-point should therefore lie 
of the open test specified in the Act of 1868. adopted, which is equivalent, or as nearly as 
In the following^ year the subject of petroleum possible so, to the flashing-point of 100°F., as 
testing was inquired into by a Select Committee furnished by the present test, 
of the House of Lords, and a great deal of con- It will be obvious that the determination of 
flicting evidence was taken, but no satisfactory the i.-!' standard was not an easy 

conclusion was arrived at. Therefore, in July part ■. ; S’- I'rcdi -irk Abel’s task, since the Abel 
1875, with the concurrence and approval of the tester furnishes no oxoeption to the rule that 
Metropolitan Board of Works and of the Petro- the flashing-point of a given example of petro- 
leum Association, Sir Frederick Abel was re- leum is far lower in a closed than in an open 
quested by the_ Government to undertake an vessel, and it was therefore necessary to deal 
investigation with the object of placing the with the conflicting views already referred to as 
subject of petroleum testing upon a satisfactory to the proper mode of conducting the test with 
basis. The formulated questions submitted to the open-cup instrument in order to determine 
Sir Frederick Abel were the following : the equivalent standard. The writer assisted 

‘ 1. Whether the method of testing petroleum Sir Frederick Abel in the conduct of this portion 
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ot tho inquiry, but before the tost standard was 
even provisionally fixed, Mr. T. W. Keates, as 
representing the Metropolitan Board of Works, 
and Mr. John Calderwood, on behalf of the 
Scottish Mineral Oil Association, were also con- 
sulted. Eventually, as the result of the joint 
experiments, it was decided that the differonoe 
between the flashing-points obtained with tho 
open-cup instrument and the Abel tester ranged 
from 25° to 29°P. Adopting the mean difference 
of 27°, the new standard was accordingly fixed 
at 73°E. 

After tho presentation of the report, the 


■writer proceeded to apply the two tests to 1,000 
representative samples of kerosene, with the 
result that the figures provisionally adopted were 
confirmed. 

The ultimate outcome of Sir Frederick Abel's 
painstaking investigation was the legalisation by 
Parliament, on August 11, 1879, of what is now 
so well known as the Abel Test. The instru- 
ment and its use are thus described in the 
Petroleum Act : — 

Fibst Schedule. — Mode of testing petroleum 
so as to ascertain tho temperature at which it 
will give off inflammable vapour. 





mLi- 














Fia. 7. Fia. 8. 

Specificaiion of the test apparatus 
(Figs. 7, 8 and 9). 

Tho following is a description of tho details 
of the apparatus : — 

The oil cup (Fig. 7) consists ■"■f r. cyli'vlr'rn'' 
vessel 2" diameter, 2-]^" height (ii . v. ; !■■ 

outward projecting rim wide, -g" from the to]), 
and I'l" from tho bottom of the cup. It is made 
of gun-metal or brass (17 B.W.G.) tinned inside. 
A bracket, consisting of a sliort stout piece of 
wire bent upwards and terminating in a X)oint, 
is fixed to the inside of tho cup to serve as a 
gauge. Tho distance of tho point from the 
bottom of tho cup is ll". The cup is provided 
with a close-fitting overlapping cover made of 
brass (22 B.W.G.), which carries the thermo- 
meter and test lamp. The latter is suspended 
from two supports from the side by means of 


trunnions, upon which it may be made to oscil- 
late ; it is provided with a spout, the moxith of 
Avhich is one-sixteenth of an iirch in diameter. 
The socket which is to hold tho thermometer is 
lixcfi at such an angle and its length is so ad- 
justed that tho bulb of tho thermometer, when 
inserted to its full depth, shall bo 1|" below the 
centre of tho lid. 

The cover is provided with three square 
holes — one in the centre, by yj,", and two 
smaller ones, by .jl", close to tho sides and 
oppo.site each other. These three holes may bo 
clo.sed and uncovered by means of a slide moving 
in grooves, and having perforations corre- 
sponding to those on the lid. 

In moving the slide so as to uncover the 
holes, tlui t)sci]lating lamp is caught by a pin 
fixed in tho slide, and tilted in such a way as to 
bring tho end of the spout just below the surface 
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of the lid (Kg. 8). Upon the slide being pushed 
back so as to cover the holes, the lamp returns 
to its original position. 

Upon the cover, in front of and in line with 
the mouth of the lamp, is fixed a white head, 
the dimensions of which represent the size of 
the test-flame to be used. 

The bath or heating vessel (Tig. 9) consists of 
two flat-bottomed copper cylinders (24 B.W.G.' 
— an inner one of 3" diameter and 2J" height, 
and an outer one of 5J-" diameter and 5:|" 
height ; they are soldered to a circular copper 
plate (20 B.W.G.) perforated in the centre, which 
forms the top of the bath, in such a manner as to 
inclose the space between the two cylinders, but 
leaving access to the inner cylinder. The top 
of the bath pi’ojocts both outwards and inwards 
about ; that is, its diameter is about f ' 
greater than the body of the bath, while the 
diameter of the circular opening in the centre is 
abont the same amount less than that of the 
inner copper cylinder. To the inner projection 
of the top is fastened, by six small screws, a flat 
ring of ebonite, the screws being sunk below the 
surface of the ebonite to avoid metallic contact 
between the bath and the oil cup. The exact 
distance between the sides and bottom of the 
bath and of the oil lamp is one-half of an inch, 
A split socket similar to that on the cover of the 
oil cup, but set at a right angle, allows a thermo- 
meter to be inserted into the space between the 
two cylinders. The bath is further provided 
with a funnel, an overflow pipe, and two loop 
handles. 

The bath rests upon a cast-iron tripod stand, 
to the ring of which is attached a copper cylinder 
or jacket (24 B.W.G.) flanged at the top, and of 
such dimensions that the bath, while firmly 
resting on the iron ring, just touches with its 
projecting top the inward-turned flange. The 
diameter of this outer jacket is 6|-". One of the 
three legs of the stand serves as" a support for 
the spirit lamp attached to it by means of 
a small swing bracket. The distance of the 
wick holder from the bottom of the bath is 1 
Two thermometers are provided with the 
apparatus — ^the one for ascertaining the tem- 
perature of the bath, the other for determining 
the flashing.point. The thermometer for ascer- 
taining the temperature of the water has a long 
bulb and a space at the top. Its range is from 
about 90” to 190” Fahrenheit. The scale (in 
degrees of Fahrenheit) is marked on an ivory 
back fastened to the tube in the usual way. It 
is fitted with a metal collar, fitting the socket, 
and the part of the tube below the scale should 
have a length of about 3|", measured from the 
lower end of the scale to the end of the bulb. 
The thermometer for ascertaining the tempera- 
ture of the oil is fitted with collar and ivory scale 
in a similar manner to the one described. It has 
a round bulb, a space at the top, and ranges from 
about 55°F. to 150°F. ; it measures from end of 
ivory back to bulb 2|-". 

model apparatus is deposited at 
Wie W^eigMs and Measures Department of the 
Board of Trade. 


Directions for applying (he flashing-test, 

1. The test apparatus is to he placed for use 
in a _position where it is not exposed to currents 
of air or draughts. 
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2. The heating vessel or wator-batii is filkd 
by pouring water into the funnel until it. begin;; 
to flow out at the spout of the vessel, fi'lie i cin- 
perature of the water at the commencement of 
the test is to be 130°F., and thi.s i.s ;i<l. 'lined 
in the first instance either by mixing iio) 
and cold water in the bath, or in a vessel fnmi 
which the bath is filled, until the thenanmeter 
which is provided for testing the temperatarf; of 
the water gives the proper indication ; or fiy 
heating the water with the spirit lamp (wliieh 
is attached to tho stand of the apparatus) unlii 
the required temperature is indicated. 

If tho water has been heated too highly, il. in 
easily reduced to 130° by pouring in cold Wider 
little by little (to replace a portion of l:h('. Wiirai 
water) until the thermometer gives tho proper 
reading, 

Wlien a test has been completed, thi.s Wiilcr- 
hath is again raised to 130* by placing tho lamp 
underneath, and tho result is readily obtiiiimd 
while the petroleum cup is being emptied, oiMtlcd, 
and refilled with a fresh sample to bo to.'itod. 
The lamp is then turned on its swivel from under 
tho ajrparatus, and tho next test is proe(‘(;ded 
with. 

3. Tho tost lamp is prepared for iifu! 1»v 
fitting it with a piece of flat plaited candle-wielc, 
and filling it with colza or rape oil uj) to tlm 
lower edge of tho opening of the spout or wielj 
tube. The lamp is trimmed so that when liglit ed 
it gives a flame of about 0*15 of an inch diameter, 
and this size of flamo, which is represented by 
the ■! . p . 

oil : . ' ■ ■■ : ■■ by simple manijm- 

iation from time to time with a small wire 
trimmer. 

Wlion gas is available it may he convenieidlv 
used in place of the little oil-lamp, and for fhin 
purpose a to-t-fl'ime errevrem r,; for use with 
gas may bo -mb f,,,. •'■r-. ;-..,ip, 

4. Tho hath having been raised to the jimjter 
temperature, tho oil to bo tested is iiitrodtiecd 
into the petroleum eup, Iroing poured in slowly 
until the level of tho liquid just reaches llift 
point of the gauge which is fixed in thff cup. 
In warm weather tho tomporature of tins romn 
in which the samples to bo tested have been k'ept 
should be observed in tho first instance, and if 
it exceeds 05° tho samples tf> i)e te, steal should 
be cooled down (to about fi0°) by immorsing fbe 
bottles containing thorn in cold water, or by an 
other convenient method. The lid of Ihii cuf>, 
with the slide closed, is then put on, and the cun 
is placed into tho bath or heating vf'ssel, fi’lie 
thermometer in tho lid of the cup has been 
adjusted so as to have its bulb just immersefi in 
the liquid, and its position is not undew any <!ir- 
cumstances to ho altered. When the enp baa 
been placed in the proper position, the scale (»f 
the thermometer faces tho operator. 

S The test-lamp is then placed in position 
upon the lid of tho cup, tho lead lino or p(stidH- 
which has been fixed in a convetuorit laiai- 
tion in front of the operator, is set in mofaViti, 
and the rise of tho thermometer in the ])otroleuui 
cup is watched. When tho temperature has 
reached about 66° the operation of tesiiiiig is 1(, 


pendulum is 24 inrhef in lonsth from fha 
point of Rusponsion to tho centre of Kravii.v of t.ho 
weight. The writer has found it convenient to emulov 
a syncinronised metronome. w employ 
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bo commonced, the test flame being applied once 
foi’ every rise of one degree in the following 
manner : — 

The slide is slowly drawn open while the 
pendulum performs three oscillations and is 
closed during the fourth oscillation. 

Note. — If it is desired to employ the test ap- 
paratus to determine the fls.- -ni ■-t - ■■ils of 
very low volatility, the c o b i; pro'.-i-e'.i!---:; is to 
bo modified as follows : — 

The air-chamber which surrounds the cup is 
filled with cold water to a depth of 1-J inches. 


and the heating-vessel or water-bath is filled 
usual, but also with cold ^vater. The lamp 
then jjlaced under the apparatus, and kept the 
during the entire operation. If a very heavy c 
is being dealt with, the operation may be cor 
menced with water previously heated to 120°. 
instead of with cold water.’ 

In order to deal with the difficulty arisir 
from the sluggish flow of the convection current 
and the consequent low reading of the thermc 
meter, when viscous samples are tested, and, i 
addition, to make provision for the testing c 



solid petroleum mixtures, an Order in Council 
(Statutory Rules and Orders, 1907, No. 483) 
was issued on May 7, 1907, the Schedule of 
which is as follows : — 


SciiEntJLE. — D irections nor Testino 
Petroleum Mixtures. 

1. Liquid Mixtures. Where the petroleum 
mixture is wholly liquid, flow's quite freely, and 
does not contain any sediment or thickening 
ingredient, such mixture shall be tested in the 
VoL. IV.— ifi. 


manner set forth in Schedule One to the Petro- 
leum Act, 1879. 

2. Viscous and Sedimenlarij Mixtures. 
Whore the petroleum mixture contains an un- 
dissolved sediment, as in the case of some 
metal polishes, which can be separated by 
filtration or by settlement and decantation, 
the sediment may be so separated and the 
decanted liquid may be tested in the manner 

' A preferable method is to keep the temperature 
of the water-batli at and place wafer to a depth 

of a quarter of an inch in the alr-spaco. 
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set forth in Schedule One to the Petroleum 
Act, 1879. 

In carrying out such separation, care must 
he taken to minimise the evaporation of the 
petroleum. The separation of the sediment 
must not be effected by distillation. 

Where the petroleum mixture is such that 
sediment cannot be separated by the afore- 
mentioned means, or where it is of a viscous 
nature, as in the case of indiarubber solution, 
quick-drying paints, &c., such mixture shall be 
tested in the apparatus modified as sho'vvn in the 
L ■ oparatus differs from 

■ One to the Petroleum 

. .dition of a stirrer to 

■ " ^ . broughout the sample 

under test. 

T-'-r'.’- ^ . viscous petroleum 

mix . . . instantly revolved 

at a slow speed with the fingers, except when 
applying the test flame, the direction of revolu- 
tion being that of the hand of a clock. 

With the exception of the use of the stirrer, 
the manner of carrying out the test shall be 
that set forth in Schedule One to the Petroleum 
Act, 1879. 

The stirrer may be removed by grasping the 
spindle just above the blades with the finger and 

thumb, and ' ’ ipper sheath. The 

opening in . . . , which the stirrer 

passes, may then be closed by a plug provided 
for the purpose. 

When tliis has been done, the apparatus 
shall be deemed to comply with the specification 
set forth in Schedule One of the Petroleum Act, 
1879, and may be used for testing ordinary 
petroleum or solid pctrn.-'i;!:'. n.ixiures. 

'■■■■■ ''■■■''■"■•'-■'il'.rii'.i'C'c.'U apparatus 
will be deposited with the Board of Trade, and 
the provisions of section 3 of the Petroleum Act, 
**' 1 i^sgard to verification and stamping 

shall apply also to such apparatus as though 
it IV ere the apparatus prescribed by the said 
Act'* 

For the purpose of carrying out such verifica- 
tion thi; si irrer .-IimII be removed and the opening 
UiUi'jvii ,i;, ■. 

The stirrer shall be verified by comparison of 
measurements. 

S, Solid petroletm mixtures. Where the 
petroleum mixture is solid, as in the case of 
naphtha soaps, &c., the apparatus to be used : 
tor the test shall be that prescribed in Schedule 
One of the Petroleum Act, 1879. ■ 

of oarryhig out the test of such ' 

solid mixture shall be as follows : 1 

solid mixture must be cut into cylinders i 
If inches long and J inch in diameter by means i 
t a cork borer or other cylindrical cutter having i 
the correct internal diameter. These cylinders a 
are to be placed m the petroleum cup^ of the 1 
testmg apparatus in a vertical position in such a 
number as will completely fill the cup. The f 
cylinders must be in contact with one another t 

^ s 

Five or six of the cylinders in the centre of 

si^o^tened to ^ inch to allow d 
space for the thermometer bulb. ci 

be of the testing apparatus must fi 

be filled to a depth of inches^ with water, o: 


The water bath must then bo raised to and 
maintained at a temperature of about 75°F. 

The cup must then bo placed in tho air liaf h, 
and the temperature of the sample must be 
allowed to rise until the thermometer in the oil 
cup shows 72°F., when the test flame must bo 
applied. 

If no flash is obtained, this temperature must 
be maintained constant in tho oil cup for 1 hour, 
at the expiration of which time the tost flame 
must again be applied. 

If a flash is obtained, the solid mixture will 
be subject to the provisions of tho Petroleum 
Acts in virtue of this Order. 

Note. — It may in many cases save time in 
testing samples of petroleum mixtures to apply 
the test flame after the sample has been a few 
minutes in the cup and while still at the tempera- 
ture of the room in which tho test is being 

carried out, provided that tl-~ 

below 73°F. If a flash is : 

means, it is unnecessary to proceed with tlio 
test at a higher temperature. 

In 1880 the subject of j- r-, , 

investigated in Germany 1; . . . ■ [' the 

Government, and a considerable number of ex- 
periments were made with different forms of 
apparatus. Eventually the Abel instrument was 
selected as the best, but exception was taken to 
the personal error liable to bo introduced by tlu» 
method of applying the test-flame, and accord- 
ingly a clockwork arrangement for moving tho 
test-slide and bringing the igniting flame to thi) 
required position was added (Fig. 10). Tho 


, loyaueu pusnion was aauea (i^jg, 10 ). q’lio 
clockwork movement, which is fixed to the cover 
of the oil cup, is wound up prior to each applica- 
tion of the test-flame, and is released by pressing 
a trigger as the mercury in the thermometer 
reaches each J 0. The mechanism is so adjusted 
that the rate of opening and closing tho test- 
orifice IS properly timed, and the operator is 
therefore relieved from the necessity of timing 
the movement by the aid of a pendulum'. 'J’ho 
English Abel-apparatus is provided with both 
oil-lamp and gas arrangement for igniting thcj 
vapour, but the German instrument has the oil 
lamp only, as it was found that tho two ap- 
pliances did not give in all cases concordant 
reralts, and petroleum has advantageously been 
substituted for colza oil for use in the test-lamn. 

Before the Abel tester had been very long in 
use it was found that the results afforded 4re 
materially affected bythe amount of atmosT)heric 
pressure. This source of veriatiou in 
point had not previously rec( d j.in; 

was first accidentally observed in Germany. As 
the result of a series of experiments conducted 

Hospital 

in Berlin at different atmospheric pressures it 
WM found that the difference in ffSluE-pl 

height of the barometric column, and accordingly 
a table of corrections was framed on this liasis 
for use with the Abel tester in Germany. 'With 

tangible evidence 
of the effect of barometric changes upon tho 
' ^ j^nnducted, in associa- 

different altitudes in Svvit2erland,^an(tojbSn(tl 
corroborative results, the observed variations hi 
flastong-point being at the rate of 2°F. for 1 incli 
of barometric pressure. Those experiments 


PETROLEUM. 147 

were, however, not made with a view of deter- to the use of the Abel tester in temperate 
mining with precision the extent of variation, the climates) : — 

number of tests made in the limited time being 1. Preparing the water-bath. — The water- 
too few to justify the basing of a table of cor- bath is filled by pouring water into the funnel 
rections on the results. until it begins to flow out at the overflow pipe. 

At a later date an additional source of dis- The temperature of the water at the commence- 
crepancies in the results afforded by the Abel ment of each test, as indicated by the long-bulb 
instrument was discovered in the effect of a thermometer, is to be 130°E., and this is attained 
tropical temperature upon the liberation of in the first instance by mixing hot and cold 
vapour from the oil. The Indian Government, water, either in the bath or in the vessel from 
- having adopted the Abel apparatus, had copied which the bath is filled, until the thermometer 
verbatim from the English Act the directions which is provided for testing the temperature of 
for applying the teat, and attention was forcibly the water gives the proper indication, or the 
directed to the source of variations alluded to by water is heated by a spirit lamp (which is 
the condemnation of several cargoes of kerosene, attached to the stand of the apparatus) until the 
which had arrived in the port of Calcutta. The required temperature is reached, 
writer proceeded to India to investigate the 2. Preparing the test-lamp. — ^The test-lamp 
matter, and as the result of experiments made is fitted with a piece of cylindrical wick of such 
in that country and of a series of tests conducted thickness that it fills the wick-holder, but may 
by Sir Frederick Abel and the writer, with the readily be moved to and fro for the purpose of 
assistance of Dr. Kellner, in an apartment at adjusting the size of the flame. In the body of 
Woolmch Arsenal heated to a tropical tempera- the lamp, upon the wick, which is coiled within 
ture, it was found that a much lower flashing- it, is placed a small tuft of cotton-wool moistened 
point than that furnished in a temperate climate with, petroleum, any oil not absorbed by the 
was liable to be obtained when the Abel test was wool being removed. When the lamp has been 
applied in a tropical country in the manner lighted the flame is adjusted until it is the size 
proscribed by the English Act. Further expert- of the bead fixed on the cover of the oil-cup. 
ments made by Dr. Warden, analyst to the 3. Filling the oil-cup. — The oil-cup is placed 
Government of Bengal, Professor Pedler of Cal- on a level surface in a good fight, and the oil to 
outta. Dr. Lyon, Sir Frederick Abel, Dr. Kellner, lae tested is poured in without splashing, until 
and the writer, showed that the apparent de- its surface is level with the point of the gauge 
pression of the flashing-point was largely due to which is fixed in the cup. The oil should be 
the vapour which became disengaged in the act poured from a suitable small vessel, never direct 
of filling the oil cup. Prolonged cooling of the from a large can. The round-bulb thermometer 
oil appeared to reduce the liability to this dis- is inserted into the lid of the cup, care being 
engagement of vapour, but the only practically taken that the projecting rim of the collar 
available method of eliminating this source of touches the edge of the socket ; the test-lamp, 
discrepancies was found to be the adoption of prepared as already described, is placed in 
some expedient for getting rid of the vapour position, and the cover put on to the cup and 
before commencing the operation of testing or pressed down so that its edge rests on the rim of 
before the flashing-point of the oil was reached, the cup. 

Various methods of effecting this object were 4. The application of the test. — The water- 
tried. The vapour was easily removed by bath, with its thermometer in position, is placed 
gently blowing over the surface of the oil before in some locality where it is not exposed to 
placing the cover on the cup, or by the use of an currents of air, and where the fight is sufficiently 
aspirator attached to the cover, or by leaving subdued to admit of the size of the test-flame 
the test-slide withdrawn for some time ; but it being compared with that of the bead on the 
was ultimately decided to recommend the com- cover. The cup is carefully lifted without being 
menoement of the test many degrees below the shaken, placed in the bath, and the test-lamp 
flashing-point, so that the disengaged vapour lighted. The thermometer in the oil-cup is now 
might be removed by the current of air created watched, and when the temperature has reached 
by the test-flame in successive quantities too 66°F. (the sample, if necessary, having pre- 
smaU to cause a flash before the active volatilisa- viously been cooled to below that temperature 
tion of the oil began. With this modification in by immersing the vessel containing it in cold 
the method of applying the test in a tropical water), the operation of testing is to be corn- 
country, the apparatus is caused to give results menced, the test-flame being applied once for 
which agree very closely with those which it every rise of one degree. 

furnishes in a temperate climate. Obviously, a If the c'1-r : i" i "I. ■! with the automatic 
portion of the volatile constituents of the oil (Pensky’s) . 'o' ■' pening and shutting 

becomes dissipated in this mode of conducting the slide, the clockwork is wound up by turning 
the test, but, since kerosene cannot be exposed the knob from left to right, and set in motion by 
to the air in the tropics without this loss occur- pressing the trigger. 

ring, the defect is not of practical importance. _ If the slide is intended to be moved by hand. 
Further details in regard to this question will be it should be drawn open slowly 'and shut quicldy. 
found in a joint communication by Sir Frederick The exact time to be observed in this operation 
Abel and the writer published in the Chemical is regulated by the swing of the pendulum sup- 
News on May 2, 1884. In October, 1887, Sir plied with this form of instrument. The open- 
Frederick Abel drew up the following instruc- ing of the slide should take the time of three 
tions for the use of the Abel tester in temperate oscillations, the shutting of the slide the time of 
and tropical climates : — the fourth oscillation of the pendulum. (By one 

Pirections for preparing and using appara- oscillation is meant the passage of the ball of 
tusfor testing petroleum oil (these directions apply the pendulum from the greatest distance from 
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the vertical on the one side, to the greatest dis- 
tance on the other.) 

If a flash OGcnrs at the first application of 
the test-fiame (at 6G°F.), or at any point below 
73°F., the operation is to be repeated with a 
fresh portion of the oil, which is cooled down to 
55°P. before being placed in the cup. The first 
application of the test-flame is made when the 
temperature of the oil has reached 60°E. 

In repeating a test, a fresh sample of oil 
must always be used, the tested sample being 
thrown away. 

5. Correction for atmospheric pressure . — 
As the flashing-point of an oil is influenced by 
changes in atmospheric pressure to an average 
extent of 1 •6°E. for every inch of the barometer, 
a correction of the observed ^,'.=hiiu‘ point wry 
become necessary. The heigh; iLo l-.irotiu n-- 
must, therefore, be determined at the time of 
making the test for the flashing-point. An 
aneroid barometer is supplied for this purpose. 
To facilitate the correction of a flashing-point 
for pressure a table is appended (see table 
following the directions for applying the test in 
hot climates), giving the flaslung-points of oils 
ranging from 66“-80°E., under pressures ranging 
from 27-31 inches of mercury. 

The table is used in the following manner : — 

Example. — ^An oil has given a flashing-point 
of 71°, the barometer being 28'6 ; take the 
nearest number to 71° in the vertical column 
headed 28*6. Tliis number is 70-8. Substitute 
for this the number in the same horizontal line 
in the column headed 30 (the normal height of 
barometer). The substituted number, i.e. the 
true flashing-point of the oil, is 73°. 

The following directions apply to the use of 
the Abel Petroleum Tester in hot climates. 

Directions for drawing the sample and preparing 
it for testing. 

1. Drawing the sa^nple. — In aU cases the 
testing officer, or some person duly authorised by 
Mm, shall personally superinte' 1 ” ■ 1 

of the sample from an original . ■ .i I 
other vessel. 

An opening sufficiently large to admit of the 
oil being rapidly poured or siphoned from the 
tin or other vessel shall be made. 

Two bottles, each of the capacity of about 
forty fluid ounces, are to be filled with the oil. 
One of these, the contents of which is intended 
to be preserved for reference in case of need, is 
to be carefully corked, the cork being well driven 
home, cut off level with the neck, and melted 
sealing-wax worked into it. The other bottle 
may be either stoppered or corked. 

2. Preparing the sample for testing. — About 
ten fluid ounces of the oil, sufficient' for three 
tests, are transferred from the bottle into wMch 

. the sample has been drawn to a pint flask or 
bottle, which is to be immersed in water arti- 
ficially cooled until a thermometer, introduced 
into the oil, indicates a temperature not exceed- 
ing 50°E. 

Directions for preparing and using the test 
apparatus. 

3. Preparing the water-lath. — ^The water- 
bath is filled by pouring water into the funnel 


until it begins to flow out at the overflow-pil”^- , 
The temperature of the water at the commeiic-e- 
ment of each test, as indicated by the long bull* 
thermometer, is to be 130°E., andtMs is attained 
in the first instance by mixing hot and cold 
water, either in the bath or in a vessel from 
which the bath is filled, until the thermometer 
wMch is provided for testing the temperature of 
the water gives the proper indication ; or the 
water is heated by means of a spirit-lamp (which 
is attached to the stand of the apparatus) until 
the required temperature is indicated. 

4. Preparing the test-lamp. — ^The test-lamp 
is fitted with a piece of cylindrical wick of such 
thickness that it fills the wick-holder, but may 
readily be moved to and fro for the purpose of 
adjusting the size of the flame. In the body of 
the lamp, upon the wick, which is coiled within 
it, is placed a small tuft of cotton wool, moistened 
with petroleum, any oil not absorbed by the wool 
being removed. When the lamp has been 
lighted, the wick is adjusted by means of a pair 
of forceps, or a pin, until the flame is the size 
of the bead fixed on the cover of the oil-cup ; 
should a particular test occupy so long a time 
that the flame begins to get smaller, through 
the supply of oil in the lamp becoming exhausted, 
three or four drops of petroleum are allowed to 
fall upon the tuft of wool in the lamp from the 
dropping bottle or pipette provided for the pur- 
pose. TMs can be safely done without inter- 
rupting the test. 

6. Filling the oil-cup. — Before the oil-cup 
is filled, the lid is to be made ready for being 
placed upon the cup, i.e. the round-bulb ther- 
mometer is to be inserted into the socket (so 
that the projecting rim of the collar with which 
it is fitted touches the edge of the socket), and 
the test-lamp is to be placed in position. Tho 
oil-cup, having been previously cooled by placing 
it bottom downwards in water at a temperature 
not exceeding 50°E., is now to be rapidly wixjcd 
dry, placed on a level surface in a good light, 
and the oil to be tested is poured in without 
splasMng until its surface is level with the point 
of the gauge which is fitted in the ciijo. The lid 
is then put on the cup at once, and pressed 
down so that its edge rests on the rim of the cuj). 

6. Application of the test. — ^The water-bath, 
with its thermometer in position, is placed in 
some locality w'here it is not exposed to currents 
of air, and where the light is sufficiently sub- 
dued to admit of the size of the entire test-fiame 
being compared with that of the bead on the 
cover. Tho cup is carefully lifted, without 
shaking it, and placed in tho bath, the test-lami) 
is lighted, and the clockwork wound up by turn- 
ing the key. The thermometer in the oil-cu]) is 
now watched, and when the temperature has 
reached 56°F. the clockwork is set in motion by 
pressing the trigger. 

If no flash takes place, the clockwork is at 
once re-wound, and the trigger pressed at G7°F. 
and so on, at every degree ri.se of temi)erature, 
until the flash occurs, or until a temperature f)f 
95°F. has been reached. 

If the flash takes place at any temperature 
below 77°F. the temperature at which it occurs 
is to be recorded. Tho fresh portions of the 
sample are then to be successively tested in a 
similar manner and the results recorded. If no 
greater difference than 2°F. exists between any 
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two of tlis three recorded results, each result is 
to be corrected for atmospheric pressure, as 
hereafter described, and the average of the 
three corrected results is the flashing-point of 
the sample. In the event of there being a 
greater difference than 2°E. between any two 
of the results, the series of tests is to bo rejected, 
and a fresh series of three similarly obtained, 
and so on until a sufficiently concordant series 
is furnished, when the results are to be corrected 
and the average taken in the manner already 
described. 

No flash which takes place within eight de- 
grees of the temperature at which the testing 
is commenced shall be accepted as the true 
ilashing-point of the sample tested. In the 
event of a flash occurring at or below 64° when 

the test ' .. . above described 

the next : ■ . . ■ ■ imenced ten degrees 

lower tl ■ ! ■ ■ ^ . ■ at which the flash 

had been previously obtained — ^that is to say, at 
54° or thereunder, and this procedure shall be 
continued until the results of three consecutive 
tests do not show a greater difference than 2°. 

If a temperature of 76°E. has been reached 
without a flash occurring, the application of the 
test-flame is to bo continued until a temperature 
of 95°E. has been reached. If no flash has 
occurred up to this point, and if the petroleum 
is declared to bo imported subject to the pro- 
visions of the Aot,i the tests shall not bo con- 
tinued, and the testing officer shall certify that 
the petroleum has a flashing-point of over 96° 
and is not dangerous. But if the petroleum is 

oil ordinarily used for ’ '“scs, and 

is declared to have its ' ■ ' ' ' ■ ‘ >r above 

200°, or is oil to wh' ■ : ' * ■ of the 

Governor in Executive Council exempting it 
from the operation of the Act will bo applicable 
in the event of ” '' ’ being found to 

bo at or above ':■■■, ! 41 bo continued 

as follows : — The oil-cup is to bo removed from 


the water-bath, and the temperature of the 
water in the water-bath is to be reduced to 95°E. 
by pouring cold water into the funnel (the hot 
water escaping by the overflow pipe). The air- 
chamber is then to be filled to a depth of 1|- 
inches with water at a temperature of about 
95°E., the oil-cup is to be replaced in the water- 
bath, and the spirit-lamp, attached to the water- 
bath, is to be lighted and placed underneath. 
The test-flame is then to be again applied from 
96°E., at every degree rise of temperature as 
indicated by the thermometer in the oil-cup 
until a flash takes place, or until a temperature 
of 200°E. or 120°E., as the ease may be, has been 
reached. If during this operation the test- 
flame appears to dimmish in size, the lamp is 
to be replenished in the manner prescribed (at 4) 
without interrupting the test. 

If a flash occurs at any temperature between 
76° and 200°E., the temperature at which it 
occurs, subject to correction for atmospheric 
pr 3 s.suro, is the ° '‘i the sample. 

In repeating . ■ sample of oil 

must always bo used, the tested sample being 
thrown away, and the cup must be wiped dry 
from any ” .'"d cooled, as already 

described, ■ ' ' the fresh sample. 

7. Correction for atmospheric pressure. — As 
the flashing-point of an oil is influenced by 
changes in atmospheric pressure to an average 
extent of 1-6°E. for every inch of the barometer, 

a correction of the obsei ’ ° " "" 

become necessary. The ' . ' 

must, therefore, bo determined at the time ^of 
maldng the test for ’ " ’ - ■ - ^ 

aneroid barometer is . ■ ■ ' 

To facilitate the con 
for pressure a table is ■ 

points of oils ranging ■ ■ ■ ' " 

pressures ranging from 27 to 31 inches of 
mercury. 

The table is used in the following manner : — 


Tabm for Cobbbctiou 03 ? EnASHntG-PomTS inijioatbd by the Test eor Variations in 
Barometric PEESStrRE on either .side oe Thirty Inches. 


Barometer in inches. 

27-0 

27*2'27-4 

1 

27-6 

27-8 

28-oj28-2 

28-4 

28-6 

28-8 

29-0 

29-2 

29-4 

29-6 

29-8 

30 

30-2^ 30-4 

30-6 

30-8 

31-0 


00-2 

60-5 

60-8 

01-2 

61-6 

61-2 

61-5 

61-8 

62-2 

62-5 

62-2 

62*5 

62-8 

63-2 

63-5 

63-2 

03-5 

63-8 

64-2 

64-5 

64*2 

64-5 

64-8 

66-2 

05 -6 

65-2 

65-5 

65-8 

66-2 

00-6 

66-2 

66-5 

66-8 

67-2 

07-5 

67-2 

07-5 

67-8 

68-2 

08-6 

68-2 

68-5 

68-8 

09-2 

69-5 

69-2 

69 -.5 

69 -8 

70-2 

70-5 

70-2 

70-6 

70-8 

71-2 

71-5 

71-2 

71-6 

71-8 

72-2 

72-5 

72-2 

72-5 

72-8 

73-2 

73-5 

73-2 

73 -5 

73-8 

74-2 

74-5 

74-2 

74-6 

74-8 

75-2 

75-5 

75-2 

75ffi 

75-8 

76 -2 

70-6 


Flashing Point in Degrees Fahrenheit. 


01-8 

62-1 

62-4 

62-8 

63*1 

634 

63-7 

64-0 

644 

64-7 

66 

66-3 

65-0 

66-0 

60-3 

06-6 

62-8 

63-1 

63-4 

63-8 

04-1 

644 

64-7 

65-0 

664 

65-7 

66 

66-3 

66-6 

67-0 

67-3 

67-6 

63-8 

04-1 

64-4 

64-8 

65-1 

654 

66-7 

66-0 

604 

06-7 

67 

67-3 

67-6 

68-0 

68-3 

08-6 

61-8 

65-1 

65-4 

05-8 

66-1 

664 

G 6’7 

67-0 

674 

67-7 

08 

68-3 

68-6 

69-0 

69-3 

69*6 

66-8 

00 -1 

664 

66-8 

074 

674 

67-7 

68-0 

684 

68-7 

69 

69-3 

69-6 

70-0 

70-3 

70-6 

60-8 

07-1 

674 

67-8 

68-1 

684 

68-7 

69-0 

694 

09-7 

70 

70-3 

70-6 

71-0 

71-3 

71-6 

67-8 

08-1 

684 

68-8 

69-1 

694 

60-7 

70-0 

704 

70-7 

71 

71-3 

71-6 

72-0 

72-3 

72-6 

68-8 

09-1 

69-4 

69-8 

70-1 

704 

70-7 

71-0 

714 

71-7 

72 

72-3 

72-6 

73-0 

73-3 

73-6 

09-8 

70-1 

70-4 

70-8 

7 M 

714 

71-7 

72-0 

724 

72-7 

73 

73-3 

73-6 

74-0 

74-3 

74-6 

70-8 

71-1 

714 

71-8 

72-1 

724 

72-7 

73-0 

734 

73-7 

74 

74-3 

74-6 

78'0 

76-3 

75-6 

71-8 

72-1 

72-4 

72-8 

73-1 

734 

73-7 

74-0 

744 

74-7 

76 

75-3 

75-6 

70-0 

76-3 

76-0 

72-8 

73-1 

734 

73*8 

74-1 

74-4 

74-7 

75-0 

764 

75-7 

76 

76-3 

76-6 

77-0 

77-3 

77*6 

73-8 

74-1 

74-4 

74-8 

764 

764 

75-7 

76-0 

764 

76-7 

77 

77-3 

77-6 

78-0 

78-3 

78-0 

74-8 

, 75-1 

754 

75-8 

76*1 

764 

76-7 

77-0 

774 

77-7 

78 

78-3 

78-6 

79-0 

j 79-3 

79*6 

75 -0 

' 70-1 

! 764 

76-8 

77-1 

774 

77-7 

78-0 

784 

[ 78-7 

79 

79-3 

79-6 

80-0 

80-3 

80-6 

76-8 

77-1 

|774 

77-8 

78-1 

784 

78-7 

79-0 

794 

] 7 S -7 

80 

80-3 

80-0 

00 

c 

81-3 

81 -O 


I Tlie Indian Petroleum Act is here referred to. 
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Example. — An, oil has given ''' 
of 71°, the barometer being at 
nearest number to 71° in the vertical column 
headed 28'6. This number is 70-8. Substitute 
for this the number in the same horizontal line 
in the column headed 30 (the normal height of 
the barometer). The substituted number, i.e. 
the true flashing-point of the oil, is 73°. 

‘ Dangerous petroleum ’ is defined by the 
Indian Petroleum Act as ‘peis' ’ ■*" ' 
flashing-point below 76° of 7' >■ i ■' ' ' 
mometer. Provided that, when all or any of the 
petroleum on board a ship, or in possession of a 
.dealer, is declared by the master of the shij) or 
the consignee of the cargo, or by the dealer, as 
the case may be, to be of one uniform quality, the 
petroleum shall not be deemed to be dangerous 
if the samples selected from the petroleum have 
their flashing-points, on an average, at or about 
73° of Fahrenheit’s thermometer, and if no one 
of those samples has its flashing-point below 70° 
of that thermometer.’ 

The Abel apparatus, with a standard of 
22°0., was in 1885 adopted as the legal test in 
Sweden, and in the year 1888 
a Bill was introduced in the 
"n to substitute 

' ■ I i "th a standard 
of 23°0., for the open tester, 
with a standard of 40°0., then 
in use in Denmark. In Ru.ssia 
the standard with the Abel- 
Pensky instrument is 28°0. 

The Abel tester is by no 
means the only form of closed 
testing apparatus at present in 
use, and, in addition to those 
actually employed, a large 
number of instruments on the 
closed-cup principle have been 
devised. Many years ago Tag- 
liabuo, of Now York, introduced 
an apparatus (Figs. 11 and 
12) with a covered brass oil 
cup communicating by means 
of a spring valve with a 
dwarf chimney. The opening of tho valve 
and tho simultaneous introduction of a flame 
into tho chimney determines a current of air 
through tho upper part of tho oil-cup which 
sweeps out tho inflammable vapour and 
brings it into contact with tho flamo, Tag- 
liabue also constructed a larger instrument 
of tho same form with a glass oil-cup. Tho 
Michigan and Wisconsin States tester has a 
copper oil cup with a copper cover provided 
with a small orifice to which tho test flame is 
applied. Tho New York State tester, devised 
by Elliott, has a glass oil-cup of compara- 
tively large size with a convex glass cover. 
Parrish’s naphthometer (Fig. 13) is provided 
with a stationary test flame fed by the oil in the 
testing cup, and Foster’s automatic tester 
(Fig. 14) is similar in principle. In Millspaugh’s 
closed tester (Fig. 15) tho oil-cup is of glass and 
is immersed only to the extent of one-tenth of 
its depth in the water-bath, with tho object, 
apparently, of preventing the overheating of 
the surface of the oil. Mann’s tester (Fig. 16) 
represents aii attempt to reproduce in the 
testing apparatus the conditions prevailing in 
an ordinary petroleum lamp, the burner of the 


lamp being replaced by a tube, tho stopper of 
which is blown out when, upon the introduction 
of a light through a lateral oj)ening, ignition of 



The smaller illustration represents in section the 
cover- ‘1' ■ ■ ■ Fig. 11 . a, a. Cover. 

h, b. ■ 's /, /, closed by the 

bar e. . ; • . c. Rod to depress 

tho bar e, aim inus uueover lihe openings f, f. g. 
Handle to move the bar b, b. 0. Hood with opening 
for insertion of flame. 

The larger illustration represents in section a simpler 
form of the instrument. A. Water-bath. B. Oil-cup. 
0 . Hood, with opening a. D. Thermometer. E. Lamp 
furnace. F. Lamp. b. Pivoted cover, closing oriflee 
beneath it. 

the vapour occurs. In Pease’s closed tester 
(Fig. 17) the vapour is ignited by an electric- 
spark. The WTiter remembers seeing, about 

J 


■!\ 



Fig. 13. 


A. Oil-cup. 0 . Water-bath, n. Lairip-funiaco. 
e. Screen, with glass plate /. n. Cliambor communi- 
cating with tho air, with openings a (for circulation of 
.air) and b, b (to allow passage of oil from n into A), 
rf. Cylinder supporting a .small wick for test flame. 

tlie year 1870, a closed tester, with electric-spark 
igniting arrangement, in use by Dr. Letheby in 
his laboratory at the London Hospital. The 



Fig. 11. 
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oil-cup was of glass, with a hinged metal cover, 
which was blown open when the vapour ignited. 
In 1882, Braun, of Berlin, patented a magnetic 
pendulum arrangement for applying the test 
dame in the Abel apparatus. In 1881, Engler 



Eia. 14. 

A. Oil-cup. B. Water-hatli. c, Jaclict. D. Plash-jet. 

and, Haas made a number of experiments with 
the Abel apparatus and other testing instru- 
ments, and/ expressed the opinion that the 

addition of an '."i -gitating the oil 

was desirable: \ ■ however, pre- 
viously propos ■! of a stirrer. 

Owing to the facts that in the use of the Abel 
tester a layer of vapour of gradually increasing 



Eia. 15. 


thickness is formed upon the surface of the oil 
and that the temperature of the oil is not uni- 
form throughout, it is, no doubt, necessary that 
the dimensions of the air space above the oil, 
the depth to which the test-flame is inserted, the 
size of the test-flame, the size of the orifices 
in the cover, the position of the thermometer 
bulb, and other particulars, should be defined 
with greater accuracy than would probably be 
necessary if a stirrer were added, but experience 
has sho'wn that the Abel apparatus can be 
readily standardised, and any number of instru- 


inents can thus be constructed to give con- 
cordant results if used with a reasonable amount 
of care. The apparatus known as the Engler 
tester (Eig. 18) consists of a copper water-bath 
surmounted by a second water-bath of glass 
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supporting a glass oil-cup with brass cover in 
which are two semi-circular openings with 
hinged lids. Two insulated wires in connection 
with a small induction coil terminate in platinum 
points 1 mm. apart at a distance of J to f cm. 
from the surface of the oil, and in the centre of 
the oil-cup is a paddle stirrer attached to a 
spindle . ■ ' ■ ' the cover. Beneath the 

lower ■ . ■ ■ phit 

lamp is placed, and, as the - 
temperature approaches 
the flashing-point of the 
oil, the spark is passed at ! 

each degree rise in the j 

thermometer, care being ! 

taken that the passage of ^ ^ 

the spark is continued from ifehrlai 
half to one second. After -i 
each application of the \ V 

spark the oil is gently i \ j 

agi''"'" .■ T ' 

stii ■ ■ . ■■ 

of 

flai ^ . I r\ 

claimed that by the use of 7 V 

the double water-bath and \ 

the stirrer the heating is ^ 

rendered slow and regular, L 

and as far as possible in- 17 . 

dependent of the size of _ Ojj. 

the heating flame; also c. Spark wires, 

that by the employment of 
the electric spark, the size, intensity, and 
distance 0 ^: from the oil are 

rendered ■ ■ ' ' 

traneous formation of vapour through the 
heating of the surface of tho oil which may take 
place when an ordinary test-flame is employed 
cannot occur in the use of the electric spark as 
described. Finally it is contended that tho 
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conditions prevailing in a petroleum lamp are 
reproduced to a large extent in the Engler 
tester. 

Among other systems of testing are those of 
Liebermann, Beilstein, and Stoddard, which arc 



Pig. 18. 


A. Copper water-bath. P. Spiritlamp. 0 , 0. Glass 
water-bath, with illllng mark etched upon it. ni, m. 
Cover, u. xter by 

collar n. . i . s, s. 

Openings w . ■ . ‘ • wire.s, 

insulated bjf ebony rings u, u, and terminating in 
platinum points, p. Stirrer, with liandle q. r. Ther- 
mometer in the oil. 


baaed upon the principle of blowing air at in- 
tervals through a jet plunged beneath the sur- 
face of the oil, contained in a vessel in which it 
can he gradually heated, until inllaramable 
vapour is evolved. In Bernstein’s tester (Pig. 19) 
tho level of the oil is raised from time to time, as 



Pig. 19. 


tho toraj)erature of tho 
oil increases, until 
vapour issues from the 
oil chamber and ignites 
at a stationary llame, 
and in tho Ehrenberg 
tester a syringe is em- 
ployed to expel tho 
vapour from the closed 
oil chamber and bring 
it into contact with a 
flame. 

There yet remains 
to bo noticed a form 
of petroleum testing 
apparatus, which has 
been employed to some 
extent in Prance, in 
which tho flashing-point 
is deduced from tho 
vapour tension. This 
apparatu.s, known as 
th e S aileron - Urbain 
tester (Fig. 20), con- 
sists of a closed metallic 
vessel AA, in the cover 


. of which are inserted 

a oylindrical chamber b, a regulating screAV r, 
a gratluated tube 35 cm. in length, and a 
thermometer. The cylindrical chamber is closed 


at the top by a screw-plug p, and at the 
bottom by a sliding plate, which cuts off com- 
munication between the chamber and the vessel 
below. 60 c.c. of water having been placed in 
the lower vessel, the cylindrical chamber is 
nearly filled with the petroleum to be tested, 
the screw-plug replaced, and the apparatus 


■ 'lA' ' ■ ■ ■■ ^1 


A,i J :A 


I Pig. 20. 

placed in warm water until the temperature has 
become constant. The water-level in the 
graduated tube having been adjusted to zero 
by means of the regulating screw, tho oil in the 
cylindrical chamber is caused to flow out upon 
the surface of the water in the lower vessel by 
moving tho sliding plate. The expansion of 
the liberated vapour of tho petroleum causes 
tho water to rise ’"i !l ' '1 : ’ . and, 

when the level is ■ ' ■ . ' ■ ■ ' read 

off. In a table pi;i< ■ . and 

Urbain give the following figures of sp.gr. and 
vapour tension of petroleum at 15° : 


Density 
at 15°0. 
0-812 
0-797 
0-788 
0-772 
0-762 


Tension in 
mm. of water 
0 I 


Density Tension in 
at 16°C. mm. of water 
0-750 125 

0-735 410 

0-695 930 

0-080 1186 

0-660 2110 


In regard to the Salleron-Urbain system of 
testing, Engler and Haas remark that the method 
depends upon the assumption that the numbers 
which express the expansion 

-yr rir-”-! with the ■ ■ ; 

I ' ■ i' .. ii .. .lU kinds of petroleum; but 
that the supposition is found not to be correct 
in all cases, inasmuch as the presence of a small 
quantity of very volatile hydrocarhons^ occasions 
an increased pressure in the apparatus. Tho 
general conclusion is, however, expressed that 
oils which exliibit a tension of not more than 
64 mm. of water at 85° may be considered safe. 

' Prestimably a quantity too small to sensibly 
affect the inflammability. 
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In a report to tlie New York State Board of 
Health in 1882, Professor Arthur H. Elliott 
records the particulars of a large number of 


experiments with various forms of testing appa- 
ratus, and gives the foUovung table of compara- 
tive results : — 


Oil used. 

I. 

n. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

riashing-points, E. 

No. 1 . 

110° 

118° 

120° 

111° 

117° 

107° 

103° 

130° 

111° 

95° 

119° 

No. 2 . 

111° 

121° 

124° 

115° 

118° 

109° 

102° 

128° 

107° 

96° 

— 

No. 3 . 

119° 

122° 

122° 

112° 

118° 

108° 

102° 

130° 

108° 

95° 

118° 

No,4 . 

97° 

96° 

97° 

90° 

93° 

86° 

76° 

90° 

81° 

75° 

96° 


1, Tagliabue (open cup). II. Amatoldi (open cup), in. Saybolt. IV. Tagliabue (closed cup — small). 
V. Tagliabue (closed cup — ^large). VI. Wisconsin State. VII. Abel. VIII. Bernstein. IX. Millsparigh. 
X. Mann. XI. Poster. 


Erom the statements which have been made 
it will be evident that there is a regrettable 
absence of uniformity in the methods of testing 
adopted, not only in different countries, but also 
in the various States of the American Union. 
The existence of considerable diversity in regard 
to the test standard to be adopted with any one 
system of testing is also exMbited in the laws 
wHch have been framed in the United States. 
The latter condition no doubt arises from the 
fact that, at the outset, no systematic attempts 
were made to determine the relation between the 
flashing-point of an oil and its safe or dangerous 
character in ordinary use. 

(e) Burning qtiality . — ^The testing of the 
burning quality of kerosene is regularly effected 
in well-conducted refineries 
in the United States by 
burning the oil in lamps of 
the usual construction and 
noting the diminution in 
the size of the flame which 
occurs in a stated period. 
The results are, however, 
dependent upon so many 
variable conditions that 
attempts have been made 
to substitute a test of 
greater precision ; but be- 
yond the improvement of 
the existing test, the efforts 
made have not been attended 
with success. The Saybolt 
lamp (Eig. 21), specially con- 
structed for testing pur- 
poses, consists of a tall 
glass cylindrical graduated 
reservoir of small diameter, 
with a burner which fur- 
nishes a weU-shaped flat 
flame of considerable height 
in proportion to the width, 
a wick carefully selected for 
the purpose, and a graduated 
glass chimney. The lamps 
are burned in water at C0°E., 
the diminution in the height 
of the flame and the depression of the oil level 
being noted. 

_ In Canada the ‘ burning percentage ’ is deter- 
mined by the use of a lamp thus described : 

‘ The bowl of the_ lamp is cylindrical, 4 in. in 
diameter and 2|- in. deep, with a neck placed 
thereon of such a height that the top of the 


wick tube is 3 in. above the bowl. A sun hinge 
burner is used, taking a -wick I in. wide and I' in. 
thick, and a chimney about 8 in. long.’ The 
test is conducted as follows : ‘ The lamp bowl is 
filled with the oil and weighed, then lighted and 
turned up full flame, just below the smoking 
point, and burned -without interference till 12 oz. 
of the oil is consumed. The quantity consumed 
during the first hour and the last hour is noted.’ 
The ratio of the two quantities is the measure 
of the burning quality, and the percentage that 
the latter quantity is of the former is the ‘ burn- 
ing percentage ’ referred to. 

The -writer has devoted much time to the 
perfecting of a system of testing burning quality 
-with lamps of the usual construction, and has 
succeeded in eliminating some of the sourcics 
of discrepancies in the results afforded. Ob- 
viously the wick used should be carefuUy chosen, 
and, as a fresh wick should be employed for each 
teat, it is important that the wick should bo 
examined before use, and any defective portion 
rejected. In standardising the wick and veri- 
fying its uniformity, the writer has found it 
advantageous to determine the quantity of a 

miner?’ ’ -.—r r-.^ 'f 

vessel .s' ' : . ■ . ■ < ■. , 

&c., by the capillary attraction of a piece of the 

■v"'': ; 1 i , I syphon (Eig. 22). In all cases 

■ ■ ’ i ! ' . dried immediately before use 

and immersed in the oil while still warm. The 
ofl. chambers of the lamps employed must bo of 
uniform dimensions, and the burners must first 
be tested to ascertain that they furnish similar 
flames with the same oil.- The wick must bo 
trimmed with scrupulous care before the lamp 
is lighted, and the oil in the lamp must ho main- 
tained at a constant temperature — that of GO^E. 
being a desirable one. The -wick should ho 
raised so as to obtain a flame of the largest size 
possible without the production of smoko. Eor 
recording the size and shape of the flame at the 
commencement of the experiment and the dimi- 
nution in size and alteration in shape of the 
flame at intervals during the progress of the 
test, the -writer has found it convenient to 
employ a camera by means of which the out- 
line of the flame may be traced on thin paper 
at intervals (Eig. 23). No general agreement 
has, however, yet been arrived at as to the extent 
of diminution which shall, under the s]iocificd 
conditions, be permissible with oils to be classed 
as of satisfactory burning quality. In doubtful 
cases several tests of the sample should he made, 



Eig. 21. 
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as the results appear to be sometimes affected 
by causes not well understood. In consequence 
of the difficulty of devising a thoroughly satis- 
factory method of testing oils by burning, it has 
been proposed to establish a distillation test, the 
inferiority in burning quality being supposed to 



arise from the oil not being of natural composi- 
tion or from its containing too largo a percen- 
tage of the denser hydrocarbons. Attempts in 
this direction have not, however, been attended 
with success, oils of different burning quality 
furnishing in some cases similar results, and oils 
of equally good burning quality sometimes giving 
dissimilar results on fractional distillation. The 
testing of the oil under conditions as nearly as 
possible approaching to those under which it is 
pranticaUy used appears to be the most rational 
method of determining tho burning quality, 
and is no donbt tho best in the ahseneo of any 
arbitrary test capable of being easily and expe- 



ditiously applied and of furnishing trustworthy 
results. The viscosity of the oil has been found 
in some cases to afford a useful indication of 
burning quality. 

Kerosene oil should bear agitation with oil 
of vitriol without material darkening of colour, 
and warm water shaken with it should exhibit 
neither markedly alkaline nor even faintly acid 
reaction, and should give no i . -- '' |i 
barium chloride solution. Upoi ■ i.' . . 

kerosene should not evolve snip ... ■ . 

the presence of any considerable amount of 
sulphur compounds is suspected, the oil should 
be burned in a Referee’s gas-testing apparatus, 


or in the Mahler bomb, and the sulphur products 
estimated as barium sulphate. 

4. Lighthouse oil. 

The Trimty House contract conditions for 
mineral oil intended for use in lighthouse lamps 
specify that — 

(!) The mineral oil required to be supplied 
under this contract is to he of the best possible 
quality, the greatest care is to be taken in its 
preparation, and it must be perfectly free from 
sulphuric acid. 

(2) In aU cases, whether the off. be petroleum 
or paraffin, its flashing-point is to be determined 
by using the apparatus described in Schedule 1 
of the Petroleum Act of 1879. 

(3) If the oil be petroleum, its flashing-point 
is to be not lower than 125°E. (close test), and 
it is to distil between 302° and 672°E., the 
temperature of the vapour, not that of the 
liquid, being taken. 

(4) If the oil be paraffin, its sp.gr. is to 
be not less than 0-810, nor greater than 
0-820, at 60°E. ; its flashing-point is to bo not 
lower than 140°E. (close test), and it is to distil 
between 302° and 572°E., the temperature of the 
vapour, not that of the liquid, being taken. 

(6) Tho illuminating power of the oil supplied, 
whether petroleum or paraffin, is to bo equal to 
that of the best colza oil when consumed in a 
Trinity House Argand lamp. 

Eor the distillation test about 250 grams of 
the oil may be taken, the operation being con- 
ducted in an ordinary distillation flask with 
tho bulb of the thermometer midway between 
tho shoulder of the flask and tho lateral tube 
leading to tho condenser. The upper part of tho 
flask should be wrapped in asbestos cloth. 

The United States Lighthouse establishment 
stipulates that mineral oil supplied for use in 
lighthouse lamps shall have a' sp.gr. ‘ not 
less than 0-802,’ a flashing-point of not less 
than 140°F., and a fire-test of not less than 
154°E., both these tests being made with Taglia- 
bue’s instrument. Tho oil is to remain limpid 
at zero ; and ‘ litmus paper immersed in it for 
5 hours must remain unchanged.’ The oil is 
to be photometrically tested in a fifth-order 
Hains lamp, and the light is to bo equal to that 
of eighteen sperm canffies, and to continue un- 
diminished during 5 hours’ burning. 

5. Lubricating oils. 

a. Colour. In the case of what are known 
as pale oils, the trade are accustomed to take 
exception to any marked increase in the ordinary 
depth of colour, hut as yet there are no accepted 
standards of colour for these oils, such as have 
been fixed for kerosene. Tho writer has, how- 
ever, for some years past, used the instrument 
(Fig. 24) known as Lovibond’s Tintometer ^ in 
ascertaining and recording the colour of a two- 
inch column of lubricating oils, and compara- 

' TliiB instrument, doviHed toy Mr. Josepli W. Lovi- 
tooad, of Salistoury, consi.sts of a covered trough or box 
: partition tcrminatinR in a 
an eyc-iiiecc fixed at one 
= ■ ' ■ ■ iclB sliRlitly divergiiiR from 

tne end at wmcn tliu eye-piece is placed. In one 
channel the lirpiid to toe examined, winch is contained 
in a rectauKular glass cell, is placed ; and in the other 
channel numbered slips of coloured glass, of known 
depth of tint, are inserted. 
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tive results have thus been furnished for the 


guidance of the trade. 

r,j _ T -1 Q-jg giiould be free 

from ■ ^ ■ , as the presence of 

such odour would indicate that the process of 
refining had not been satisfactorily carried out. 

^ Q ^ Mineral lubricating oils 

of were formerly graded 



Fig. 24. 

solely with reference to specific gravity, but, 
experience having shown that the density is not 
necessarily an index of the lubricating value, 
it is now ■ ' ■ : ‘."-ni8ed that specific 

gravity is than viscosity. 

d. -. T 'ho de- 

termini , ■ ■ ■ ■ . ■ ' . ' closed 

and op ■ , . ■■■■.'■ of the 

fire-test, the writer is accustomed to use an in- 
strument made by Pensky of Berlin. In its 
closed form this apparatus resembles in prin- 
ciple the Abel tester employed in the examina- 
tion of kerosene. The water-bath is, however, 
replaced by an air-bath, consisting of a thick 
cast-iron vessel which is heated by a Bunsen 
burner, and the application of the gas test-flame 
is effected through the mr'l'"'n 
vertical spindle with a ■ ■ b , « ■. 

which can be grasped by ti ■ g' " . . f 

without inconvenience even when the apparatus 
is used at high temperatures. In the use of this 
instrument the flame of the burner should bo 
adjusted so that the temperature of the oil rises 
at the rate of about 10“E. per minute. Tho 
latest form of the apparatus, Imown as tho 
Pensky-Martens tester (Pig. 26), is provided with 
a revolving stirrer which agitates the atmosphere 
above the oil as well as the oil itself. 

If the cover of the oil-cup bo removed, tho 
apparatus referred to may be employed for tho 
determination of the open-vessel flashing-point 
and the fire-test, a gas flame, not more than inch 
in diameter, being used to produce tho ignition. 

Inspectors of lubricating oils in the United 
States commonly use in ascertaining tho flee- 
test an open metallic cup, supported on a tripod 
stand and heated directly by the flame of a 
spirit lamp, the temperature being raised at tho 
rate of eight degrees Fahrenheit per minute. 

In some cases it is customary to test the 
volatility of the oil by noting tho loss of weight 
sustained b” " w^on 

exposed for ■ ■■.■■ . .w 

vessel to an elevated temperature. The oil is 


sometimes absorbed by filter-paper before ex- 
posure to heat. ^ 

e. Cold-test. The method in which the 
‘ cold- test ’ ofllubricating oils is made varies 
with the description of oil, and to some extent 
with the interpretation which the operator places 
on the term. The cold-test of pale oils is 
usually accepted as being the point at which on 
a gradual reduction in the temperature separa- 
tion of solid hydrocarbons commences. To 
some descriiJtions of pale lubricating oils the 
following ‘ cold-test,’ which may be termed the 
‘ cloud-test,’ is applied in the writer’s laboratory ; 
A beaker about 3 ins. in height by 1|- ins. in 
diameter, is filled to a depth of 1 in, with the 
oil to be tested, Tho oil is slowly cooled, and 
from time to time is gently stirred with a 
thermometer until the first indication of tho 
separation of paraffin is observed. This indica- 
tion often takes the form of a cloudy stream 
following the thermometer as it is slowly moved. 
Some of the more viscous pale oils contain 
1 . , which are not very crystalline, 

‘ ■ ■ ■ eline rather than paraffin wto, 

■ i ! at which these hydrocarbons 
begin to separate under the influence of cold is 
not easily determined. In some of such cases 
it is preferable to take the point at which the 



oil becomes reduced to a semi-solid consistency 
or ceases to How on inclining tho vessel in which 

’ The writer is accustomed to ('.xposo 25 grama 
for 12 hours ‘ ■; ' ‘ ' ' f 

150°Jr. in the -si ■ :i - 
in the case o£ ; 
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it is contaitiod. In all cases it is important 
that the temperature of the bath employed for 
cooling should not ho much lower than that at 
which the separation, or solidification, occurs, 
and it is therefore desirable to determine ap- 
proximately the cold-test by a preliminary 
operation. Where the separation of solid hydro- 
carbons is well defined, the test may be made in 
a tube about 1 in. in diameter, containing 
about ins. in depth of oil in the following 
manner : Plunge the tube into a vessel of iced 
water, or, if necessary, into ice and salt, until a 
thin layer of paraffin congeals on the sides, 
stirring the oil with a thermometer while 
the reduction of temperature is being effected. 
Take out the tube, wipe it, and holding it 
between the operator and the window, stir the 
contents with a thermometer until the last 
traces of paraffin have disappeared, when the 
temperature is to be noted. Repeat the experi- 
ment, again noting the temperature. Make a 
third test, and if the results of the last two 
experiments agree, record this temperature as 
the cold-test of the sample. 

Black oils are tested by cooling them until 
they cease to flow, as the commencement of 
the separation of solid hydrocarbons cannot be 
observed in these oils. 

The rules of the New York Produce Exchange 
provide that the cold-tost is to bo determined by 
cooling the sample in a glass vessel, 4 ins. in 
depth and 3 ins, in diameter, placed in a re- 
frigerator, A thermometer is to be placed with 
its bulb in the middle of the oil, and another 
thermometer is to bo placed in the ice-chest 
outside the oil vessel. If, when the two ther- 
mometers both record a specified temperature, 
tho oil is still limpid, the cold-test of the oil is 
doomed to bo satisfactory. Tagliabue has 
devised a convenient form of apparatus (Eig, 26) 





Fig. 26 . 


A, A, A. j.-.-lr-h r. r. lee-cliamher 

r. Oil-coolmg ■■■;;. I': :i:: p ■■ ..;:-cup, which li 

supported on |t. T;.i; for drainint 

ice-chamber, .i, .r. ■!:■■■;:>;:• which warn: 

air may be forced when it is desired to raise the tein. 
perature in r. d, d, d. 'FhormoineterB; the central orn 
having its bulb m the oil. 


' ^ ‘ ' ' " ibis test, the oil-cup being 

bar in a jacketed cooling- 
chamber with a glass window. In practice, 
however, the cold-test is usually dotermined hy 
cooling the oil iii a glass cylinder Ik- in. in 
diameter. 


/. Viscosity. It has been already stated that 
this test has become recognised as tho proper 
basis for the grading of lubricating oils, and 
has accordingly become of considerable import- 
ance. The test is necessarily an arbitrary one, 
and there is at present no universally accepted 
method of testing and expressing the results, 
though in this country the Redwood visco- 
meter has been adopted ■” a 
the War Department, the ^ i ■ ' - 

companies, the Scottish Mineral Oil Associa- 
tion, and the petroleum trade generally. Tho 
simplest form of instrument available for the 
determination of viscosity consists of a glass 
pipette filled to a mark on the neck and allowed 
to discharge its contents, tho relation between 
tho period occupied in the outflow of a given 
sample and that required for the discharge of a 
similar quantity of a standard oil expressing 
the viscosity of tho former sample in terras of 

tho latter. 

is, however, ■ ’ 

by the form of tho constricted portion of tho tube, 
apart from the size of tho orifice, and two 
pipettes standardised with an oil of a certain 
viscosity may not afford concordant results with 
an oil of very different viscosity. Moreover, the 
mtaintonance of the required temperature of a 
sample contained in a glass pipette cannot 
always ho satisfactorily effected. For these 
reasons tho jacketed glass viscometers of Veitoh- 
Wilson,' MacIvor, and Sacker have not been 
found to afford sufficiently accurate results. 

Tho Sayholt viscometer, in its original form 
(Fig. 27), is provided Avith an oil vessel of 



comparatively largo diameter placed in a 
water-bath of considerable capacity. The visco- 
meter jet is of metal, and is inclosed in a tube 
extending below the orifice. Immediately above 
the jet the oil vessel is much contracted in 
diameter, and a portion is cut away on each 
side so as to expose an inner gla.ss tube. At a 
r glass windows are inserted 

!;i. i.ie wir.-L'r-!)'. I !i. Round the upper part of 
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the oiI-ves8el is littcd an oil-tight gallery with 
raised edge, and above the platform of the 
gallery the oil-cylinder is xnerced with a number 
of small holes. In the use of the apparatus, 
the bath is filled with water at the required tem- 
perature, and, a cork having been inserted in the 
mouth of the tube inclosing the jet, the oil- 
vessel is filled with the oil to bo tested, until 
overflow through the orifices referred to occurs. 
The oil is then stirred with a thermometer, the 
gallery taking the overflow, and its temperature 
adjusted if necessary. On withdrawing the 
thermometer, oil passes from the gallery into 
the oil-vessel to replace that which had over- 
flowed on the insertion of the instrument. The 
gallery is then emptied by means of a pipette, 
the length of the oil column being thus deter- 
mined by the jjosition of the circle of holes ; 
the flow of oil from the jet is started by the 
withdrawal of the cork from the outer tube ; a 
stop-watch is concurrently set in motion, and 
the operator. ’ ’ ’ ' he window in the 

water-bath . . ■ . ■ iss tube forming 

the lower p: , stops the watch 

when the oil-level makes its appearance. 

The Arvine viscometer for testing cylinder 
oils consists of a copper tube of small diameter 
coiled in a bath in which water is kept in a state 
of ebullition. At its lower end the tube is 
furnished with a small stop-cock, forming a jet, 
and ,at its upper end with a funnel to hold the 
oil. 

The Redwood viscometer (Eig. 28) is a modi- 
fication of the instrument formerly used at the 



Battersea Works of Price’s Patent Candle Com- 
pany. It consists of a silvered copper oil 
cylinder, about l^- ins. in diameter and 3^- ins. 
in depth, furnished with an agate jot littcd into 
a slightly conical metal seating. The cylinder is 

’■ .■ ’ : provided with 

■ . ■ at an angle of 

45“ from the side near the bottom, as well as with 
a revolving agitator carrying a curved shield to 
ju'event splashing, and a thermometer to indicate 
the temperature of the liquid in the bath. The 
oil cylinder has a stopper consisting of a small 
brass sphere which rests in a hemispherical 
cavity in the agate jet. The sphere is attached 
to a wire by means of which it is raised and 
suspended from a standard which supports a 
thermometer in the oil. Inside the oil-cylmder. 


and at a short distance from the top, is fixed a 
small bracket terminating in an uxrturned point, 
which serves as a gauge of the height to which 
the cylinder is filled. The instrument is sup- 
ported on a tripod stand, Creat care is taken 
in the construction of the agate jets to secure 
uniformity, and any slight differences in the rate 
of flow are corrected by slightly altering the 
position of the pointed bracket in the oil-clyinder. 
The instruments are thus all standardised. 
The viscometer is used in the following manner : 
— The bath is filled with a suitable liquid to a 

height .-p-'- the point of the 

bracket '■ Water may be 

used for tomj)eratures up to 200°E., and a heavy 
mineral oil for higher temperatures. The 
liquid being at the required temperature, the 
oil to be tested, which may previously be 
brought to the same temperature, is poured 
into the inner cylinder until its level just reaches 
the point of the gauge, A narrow-necked 
flask, holding 50 c.c. to a point marked on the 
nook, is placed beneath the jet in a vessel con- 
taining a liquid of the same temperature as 
the oil. The ball valve is then raised, a stop- 
watch at the same time started, and the number 
of seconds occupied in the outflow of 50 c.c. 
noted. When oils are being tested at a tempera- 
ture much above that of the laboratory, a gas 
flame is axjplied to the heating tube, and the 
agitator kept in gentle motion throughout the 
experiment. The maintenance of the exact 
required temperature of the oil is thus, after a 
little practice, rendered easy. It is important 
that the apparatus should stand perfectly level, 
and that the oil should bo free from dirt, water, 
or other suspended matter. The writer is 
accustomed to express the results in terms of 
the viscosity of rape oil at 00“F., correcting for 
differences in sp)ecilic gravity. Accordingly the 
number of seconds occupied in the outflow of 
SOo.c. of the oil under examination is multiplied 
by 100 and divided by 635 (the average time 
occupied in the outflow of 60 c.c. of rape oil at 
00°F. according to the writer’s experiments). 
The result is then multiplied by the sp.gr. of 
the oil under examination, at the temperature 
of the experiment, and divided by 916 (the 
sp.gr. of refined rape oil at 60°E.). 

The writer has devised a modified form of 
his viscometer, which, with the authority of 
the Admiralty, will bo known as the Admiralty 
type for testing oil fuel. This instrument, as 
the name indicates, has been specially con- 
structed for use in determining the viscosity of 
oil fuel, for contract purposes, and is intended 
to be emiJloyed at a temperature of 32'’E. The 
oil-vessel is of the same dimensions as that of 
the original instrument, but the agate jet is 
longer and of larger bore, the now viscometer 
being designed to give an outflow in one-tenth 
of the time occupied in the outflow of a similar 
volume from the original pattern. The jet is 
so mounted as to bo completely surrounded by 
the water in the bath. The water-bath, winch 
is of comparatively large size, and is jacketed, 
has no lateral heating-tube, but is provided 
with the usual rotating stirrer. The design is 
registered, and the solo makers are Messrs. 
Baird & Tatlock (London), Limited. The oil to 
bo tested shoixld bo subjected to prolonged 
cooling at 32°E, by being kept in a refrigerator 
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through the night, or for at least_ six hours, i 
immediately before being jdaced in the oil- 
cup, and should be thoroughly stirred before j 
being transferred to the oil-vessel, and when 
accurate results are required the viscometer 
should be placed in a refrigerating chamber, the 
temperature of which is maintained at 32‘^'F. 

The Engler viscometer, which is largely used 
in Germany, is constructed on the same prin- 
ciples as the foregoing, the viscosity of the oil 
being compared with that of water. The 
following description of the instrument is taken 
from the writer’s ‘ Petroleum and its Products ’ 
(Griffin), 2nd. ed., 602, 603 

The apparatus (Pig. 28a) is provided with an 
od-cup. A, of brass, closed by a lid, Ai. The 
od-cup is of the dimensions given in the figure, 
and its inner surface is gdt. In the centre of 
the convex bottom of the oil-cup is an outflow- 
tube, a, of platinum (brass being attacked by 
the od after Ijeing some time in use) 20 mm. long 
and 2-9 mm. internal diameter at the top, 
decreasing to 2-8 mm. at the outlet. This tube 
can be closed by a pointed rod, 6, of hard wood,* 
introduced through the lid of the cup. Threej 
smaU pointed studs, c, turned up at right angles, 
on the walls of the cup, serve to indicate the 
surface-level of the od, marking a capacity of 
240 C.C., and also show whether the apparatus 
is properly adjusted as regards level. A ther- 
mometer, t, is inserted in the lid to register the 
t -’ -pr-'.-'-i-n the od. The od-cup is fixed in , 
v ■■ ■■ ' ! .! ■ , B, containing a thermometer. 
The od-bath is supported by a tripod stand, 
and is heated by means of a ring burner. A 
! c, marked at 200 c.c. and at 

2 1 1 d exactly below the pipe, o. 

To ensure the attainment of satisfactory 
results, the dimensions given must be strictly 
adhered to, for, although the error caused by 
altering some of them can be corrected, so far 
as the flow of water at 20°C. is concerned, by 
varying the length of the pipe, a, the correction 
is of no value for ods at other temperatures, 
and the difference in result between such instru- 
ments and one of standard dimensions increases 
with the viscosity of the od tested. 

Every instrument, even when standardised, 
should be tested before using the first time, and 
again after having been some time in use, by 
carefully rinsing out the cup with ether, alcohol, 
and water, in succession carefully drying the 
outflow pipe with a strip of filter paper, and 
observing the time required for the outflow of 
200 c.c. of water maintained at 20°0. The 
water should be quite free from any rotary 
motion before the vent peg is withdrawn. The 
time shoidd bo 51-53 seconds, and the test 
should be twice repeated. The difference 
should not exceed 0-5 second, and the decimals 
of the average are counted as one second. To 
test oils, the cup must be most carofuUy cleansed 
of all damp and dirt, rinsed with alcohol, ether, 
and petroleum in succession, and then fiUed with 
the oil up to the gauge points. The oil having 
been brought to the desired temperature by 
heating the oil-bath, and maintained at that 
point for 2 or 3 minutes, the peg is withdrawn, 
and the outflow timed by a good chronometer. 
The result in seconds, divided by the rate for 
water at 20°O., gives the viscosity of the oil, 
e.g.— 


Rate of flow of oil, 276 seconds. 

„ „ water at 20°0., 53 seconds. 

Result =6 -2. 

Oil containing suspended particles, solid 
matter, or water, ' must be filtered or dried 
before testing. 

It has been already stated that in expressing 
the results obtained with the Redwood viscometer 
a correction is made for differences in sp.gr. 
As far as the writer is aware, the first published 
suggestion of an arrangement for eliminating 
differences due to sp.gr. was made by Prof. 
W. P. Mason, of Troy, N.Y., who described in 
the Ohem. News for Oct. 31, 1884, an apparatus 



for determining viscosity, and proposed that the 
length of the column of the oil to be tested 
should be so adjusted as to bo inversely pro- 
portional to the sp.gr., and maintained at this 
calculated length during the outflow of the 
standard quantity. Mr. Napier, of Glasgow, 
appears, however, to have previously suggested 
the reduction of the observed viscosity of an oil 
to a st ,’■■1 !"1 h T:i ■'I' - instrument pro- 
posed ■ '■ '■< in' ■ ■ .!• der was in two 

parts,-. ■ . .y. . . , the upper part 

being supported in such a manner that it could be* 
placed at a given point on a fixed scale, the 
height being determined by the sp.gr. of the oil. 
The movable part of the oil vessel was provided 
with an overflow pipe, and by the use of a 
reservoir with a stopcock it was intended to 
produce a continuous slight overflow, so that the 
oil-level should be maintained at a fixed point. 
The Mason viscometer was thus described 
‘ A glass cylinder 22 ins. (55*9 cm.) long, 
ins. (3-18 cm.) diameter, has a brass lowe 
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head I in. (0-318 cm.) thick. An orifice is 
bored in the centre 7)2 inch (0-794 cm.) in 
diameter, with bevelled edges, chamfered back 
Jin. (1-27 cm.), thus iJroducing a sharp-edged 
orifice. A line marking the 18-in. (45-72 cm.) 
level is cut wth several finer lines above and 
below, J in. (0-318 cm.) apart, ranging from 
16 to 21 in. (40-64-53-34 cm.) above the 
orifice. The standard temperature is usually 
60°E. (i5-5°G.). A total flow of 6-103 cu. in. 
(100 c.c.) is recorded by adjusting the sup- 
ply so that the head shall be as nearly as 
possible equal to 18 ins. (45-72 cm.) of water, 
determining this head by calculation from the 
sp.gr. ^ of the oil. The rule for obtaining the 
viscosity is to note the time required to dis- 
charge the 100 c.c. (6-103 cu. ins.) and 
divide this time by that required where water 
under a head of 18 ins. (45-72 cm.) is used. 
This ratio is the measure of the viscosity.’ 

In the Barbet viscometer the oil under 
examination is caused to flow through an annular- 
space formed by fixing an iron rod 4 mm. in 
diameter precisely in the middle of a brass tube 
6 mm. in internal diameter. Increased resis- 
tance to the flow of the liquid is thus created, 
and the apparatus is stated to be more sensitive 
than an ordinary jet viscometer. 

Leponau’- ‘ ’'r' ' ■■■ ’ Tig, 29) consists of 

two similar , ' _ ■ placed vertically. 




Eig. 29. 

side by side in a water-bath, and provided -with 

three p"'’~ jets to be inserted 

in the ■■ 1 ' ■ ■ of the cylinders. 

A standard oil having been placed in one 
cyhnder, and the oil to be tested in the other, a 
pair of jets delivering the oil in drops is 
selected, and the number of drops falling from 
the two cylinders between two coincidences of 
dropping is noted. With dissimilar oils, however, 
the number of drops is not necessarily a measure 
of the quantity flowing through the jet, since the 
size of the drop varies with the nature of the oil. 


McNaught’s instrument for testing oils con- 
.sists of two discs, the lower one provided with a 
raised edge and attached to a vertical sifindle 
revolving in bearings ; the upper one resting on 
a pivot. The space between the two (hscs 
having been filled with the oil to be tested, the 
lower disc is caused to revolve at a given speed. 
The upper disc is prevented from partaldng of 
the motion of the lower disc, communicated 
through the oil, by a projecting pin which comes 
into contact with a pendulum ; the extent to 
which the j)endulum is removed from the per- 



Fig. 30. — Section. 



A, A, A. Concentric rings, -A, in. thick, in. deep. 
B, n, B. Ditto. 0, c. Spaces of in. between fixed 
and moving rings, n. Support for driving gear. E, B. 
Jacket. 

pendicular being the measure of tho viscosity of 
the oil. 

The paddle viscometers of Napier of Glasgow 
and Cockerell of Manchester are based upon tho 
principle of taking the sfieed of a paddle-wheel 
revolving in the oil as a measure of the viscosity. 
A series of concentric rings, on a vertical axis, 
revolving in concentric annular spaces (Figs. 30 
and 31), and a hollow vertical drum revolving in 
a cylinder of slightly greater diameter con- 
taining the oil have also been employed by 
Napier. The use of a 1 ^ L. 
the oil has besides b-. ; - - -j ■ 
method of estimating 

suggested is to note the length of time occupied 
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in tho ascent of a bubble of air tbrougli a given 
column of liquid, and Mills has carried out this 
idea by using hollow glass bulbs, but without 
obtaining pronaising results. 

g. Lubricating 'property by direct mechanical 

testa. Machines have been devised by Thurston, 
Woodbury, Ingram and Stapfer, and others, for 
the mechanical testing of lubricating value. 
These inachines are provided with accurately 
fitting frictional surfaces, between which the oil 
to be tested is placed, the heat and resistance at 
given speeds being determined. It cannot be 
said, however, that results of much practical 
utility in determining the value of lubricating 
oils have thus been obtained. Experience has, 
in fact, demonstrated that in any machine for 
the mechanical testing of such oUs, the condi- 
tions under which the lubricants are to be 
actually employed must be reproduced. The 
writer has, therefore, been led to the conclusion 
that the viscosity of a miner"" ■' p ,- ,'- --- 
affords the best guide to its .i . 

the consumer being thus enabled to select from 
time to time oils similar to those which he has 
found by practical experience to afford the best 
results in the particular circumstances of 
his case. This branch of the subject has been 
treated in some detail in a paper by the writer 
published in the Journal of tho Society of 
Chemical Industry (1886, 6, 121), 

h. Purity. In the examination of mineral 
lubricating oOs it is sometimes necessary to 
aijpiy chemical tests. Oils intended for the 
lubrication of steam-engine cylinders should be 
pure hydrocarbons, saponifiable oils being liable 
to decomposition by the high-pressure steam, and 
tho lil.-ci .ilicd fal.i.y acids forming metallic soaps. 
Tho percentage of saponifiable oils present may 
bo readily determined by treatment with alcoholic 
XJOtash and extraction of the soap from the aque- 
ous solution with ether. When a mineral lubrica- 
ting oil is boiled wfithWater and the liquids allowed 
to 8op)arato, the water should retain its trans- 
I>arcnoy, and should exhibit no acid or alkaline 
rcacticm. Occasionally miner-'' 

are adulterated with resin oil, 
is increased by tho addition of aluminium palmi- 
tato or olcato, or of india-rubber. If tho presence 
of any of these adulterants is suspected the oil 
should bo subjected to analytical examination. 

6. Paraffin. 

a, The so-called melting- 

IK)int of ii.iri.rr.u 1 -. understood in the trade to 
be the temperature at which tho melted 
material begins to solidify. The two methods 
chiefly adopted in determining this point are 
known respectively as the English test and 
the American test. Tho English test is con- 
duote<i by melting the paraffin in a test-tube 
about f in. in diameter, and stirring the fluid 
materiai with a thermometer while tho tube is 
hold in tho air until in the ; 

a point is reached at which i ' \ 

of the hydrocarbons liberates enough heat to 
arrest tho reduction of temperature, and the 
uumeury remains stationary for a short time. 
•Say bolt has devised a convenient form of appa- 
ratus f(jr ai^plying this test simultaneously to 
several samifios, the melted material being con- 
tiiined in a series of parallel troughs mounted on 
a carriage so as to travel backwards and forwards, 


the thermometers being held rigidly above the 
troughs in a frame in such a xiosition that tho 
bulbs are ]ust immersed. The American test 
is made by melting enough of the material to 
three-parts fill a hemispherical dish about 3f 
ina. in diameter, allowing the paraffin to cool 
in the air and noting the temperature at which 
a very thin film extends from the sides of the 
vessel to a thermometer with a round bulb 
half an inch in diameter suspended in the 
middle of the dish so that the bulb is only three- 
fourths immersed. The melting-point by the 
American test is usually from 2|'°-3°F. higher 
than that indicated by the English test. Some 
oxierators prefer to note the temperature at 
which a minute quantity of the sample, pre- 
viously fused into a ' lare being 

taken not to overhec ■■ ■ ■ . . becomes 

solidified when the tube is allowed to cool slowly 
by the side of a sensitive thermometer in a 
beaker of water. 

h. Percentage of oil. The determination of 
tho x^ercentage of oil in paraffin scale, is a purely 
arbitrary test, as there is no natural lino of 
demarkatioii between the solid and liquid hydro- 
carbons of petroleum. Tho test is made by 
subjecting the material to pressure and noting 
the loss in weight, but the results obtained 
depend upon tho temperature at which the 
operation is conducted, tho quantity of material 
in relation to the diameter of the pross-cako 
and the amount and duration of imessuro. Tho 
writer had soine years ago a press (Eig. 32) con- 



structefl for tho purpose with a steel crosshead, 
the deflection of which W'as magnified by levers, 
and the amount of pressure apifiied was thus 
indicated, and he now makes use of a x>ress 
(Eig. 33) wherein a heavily weighted lover is 
used to regulate the pressure. Both these 
presses are provided with circular press-cuiis and 
plungers 5^- ins. in diameter, and tho ])ressuro 
employed in testing American paraffin scale 
is 9 tons on tho total aurfacti. The quantity of 
material operated upon is 500 grains, and the 
pressure is applied for 5 minutes at a tem- 
perature of G0“E. The x^araffin i,s placed 
between circular X’itjcos of calico cut with a 
stool punch to fit the press-cup, anti tho oil ex- 
pressed is absorbed by a sufficient number of 
discs of blotting-paper placed above and below 
tho cloth containing the cake. Tho temx)era- 
ture of the x^ress-cup and the plunger is in- 
dicated by thermometers inserted inrineroury- 
cups, and the paraffin is also Imonght to the 
standard tomx:ierature before being pressed. 
The testing press designed by McCJutchon (Figs. 
34 and 36) is furnished with a lielical steel 
spring, the extent of coinxmession of w'hich in- 
dicates the amount of pressure axjplied. Messrs, 
Olarkson and Beekitt, of Glasgow, have made 
an excellent hydraulic press (Fig. 36) for the 
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purpose, which occupies loss space than a lover 
]>ross. 

c. Percentage of water and dirt. The per- 
centage of water in paraffin scale may be 


determined by heating a weighed quantity in an 
evaporating dish to a temperature somewhat 
above the boiling-point of water, the melted 
paraffin being continuously stirred until the 



^vhole of the water has been driven off, when the 
loss in weight is noted. If the quantity of water 
present is largo the percentage may bo determined 



by distillation or by subsidence, the piaraffin 
being retained in a melted state until the water 



n ■ Sutherland! has introduced a 

of apjparatus for making the 

latter test, consisting of a bulbed tube (taking a 
1 J. See. Ohem. Iml., 1887, C, 128. 

Von. IV.— T. 


charge of 50 grams of paraffin) the lower part 
of which is graduated. In the use of this 
instrument the greater portion of the molted 
paraffin may be readily poured off by removing 
the tube from the heating-bath when the water 
has separated, and plunging the lower end into 
cold water so as to seal the water by causing the 
solidifloation of a layer of paraAn above it. 



"" ■ i I t’w’ ’ ' 'ompletod by dis- 

. . ■ ■ ■ :• !' warm petroleum 

■ ■ i ■ . : ■ ■■ thod of testing, 

tnc uirc IS usually esumiaiiou with the water, 
but if the proportion of dirt is considerable it 
should bo collected on a filter paper, washed 
with mineral spirit, dried and weighed. 

The following methods of testing Scotch 
paraffin scale and heavy mineral oils were 
agreed upon by the chief chemists of the Scottish 
Mineral Oil Association, Price’s Patent Candle 
Company, and the writer, 

M 
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I. Scale Astalysis. 

1. Sampling of hard scale. The sample is 

to be taken by means of a metal tube, which is 
made slightly' conical ; the small end is inserted 
in the scale, and by means of a handle, which 
is removable, it is forced through the scale to be 
sampled. By this means a cylindrical core oi 
paraf&n is obtained. . , ^ 

Care must be taken to see that the tube is ol 
such a length that the sample will represent the 
whole length or depth of the cask, waggon, or 

2. Preservation of sa7nples of scale. Im- 

mediately after the sample has been drawn it is 
■ ’ ■’ mixed, placed in suitable wide- 

which may be closed either 
with glass stoppers or good corks ; if the latter 
are used, they should be covered with paraffin 
paper or soaked in melted paraffin wax before 
being inserted. The bottles are then finally 
sealed in the usual manner. The scale should 
be tightly packed into the bottles, which should 
be completely filled. 

3. Determination of oil in scale, (a) Press 
to he used. While no one special form of press 
is recommended for general adoption, the press 

used must ’ indicating 

the pressu ' which the 

scale is pla . of pressure 

to have an ■' . 

(b) Preparation}, of the sample. A quantity 
of the scale, after having been freed from water 
and dirt by melting and subsidence, is to be 
allowed to cool over night to a temperature of 
fiO^P, The solid mass is then ground to a fine 
powder, a portion of which is used in the deter- 
mination of the oil. 

(c) Quantity of scale to he used. The quan- 
tity of scale to be used in the determination of 
oil is to be 250 grains, which quantity may, 
however, be reduced to 150 grains in the event 
of iihe scale containing much oil (over 7 p.c.). 
With ‘ soft ’ scale the smaller quantity should 
be taken. 

(d) Temperature at which the scale is to he 
pressed. The temperature of the scale and the 
press is to be 60°E. 

(o) Time during which the scale is to remain 
under pressure. The scale is to remain under 
pressure for 15 minutes. 

(f) Pressing cloths and papers. Eino linen 
pressing cloths and a number of layers of filter- 
paper, sufficient to absorb all the oil, to be used. 
The exterior papers must not be soiled by oil. 

(g) Pressure to he applied. The maximum 
pressure is to be 10 o%vt. per square in. and 
the worldng pressure 9 cwt. per square in. 

4. Determination of water in scale. The 
amount of water present in scale may bo deter- 
mined by either of the following processes : 

(a) iSistillation from a copper flask. 
From 1 to 2 lbs. of the scale are heated in a 
conical copper flask of about the dimensions 
shown in the annexed sketch ; this is connected 
to an ordinary Liebig condenser. By moans of 
a powerful Bunsen burner or lamp, tho water, 
accompanied by a small quantity of liglit oil, is 
volatilised and condensed. The distillate is re- 
ceived in a narrow graduated measure, so that 
the volume of water can be readily ascertained. 
As, a little water usually adheres to the sides of 
the condenser tube, this is to be washed out with 


hydrated gasoline or naphtha and added to the 
principal quantity, 

(b) Price’s Company’s method. 500 
grains of the scale to be tested are weighed in 
a tared porcelain basin and heated with constant 
stirring to 230°E. until bubbles cease to bo 
given off ; the loss is then determined. 

500 grains of the same scale, which has been 
freed from its water and dirt by molting at a 



gentle heat and subsidence, are to be heated in 
tho same way, to a similar temperature, and for 
tho same time, and the loss again determined. 
The loss in the second instance is now to be 
deducted from tho loss found in tho first 
experiment, and the remainder is then to bo 
taken as the quaivtity of water present. 

6. Determination of dirt in scale. I’he 
amount of dirt present in scale is to bo deter- 
mined by •■.•'■hi:'-.' a Vi.'':hed quantity of the 
scale and, r vie: .<■(•, pouring off tho cl(;ar 
paraffin. The residue is then mixtid with naphtlia, 
thrown on a weighed dry filter-paper, washc'd 
wth naphtha or gasoline, dried and weighed. 
When available, the quantity of scale to be useil 
in the determination of tho percentage of dirt, 
should not be less than 7000 grains. 

6. Calculation of the results of the analysis 
of scale. As the oil is determined on scale 
which has been freed from water and dirt, tho 
result must be calculated back to the original 
scale containing water and dirt. 

7. Determination of the melting (selling) 
point of solid paraffin. This is to be (leterminefl 
by what is known as tho ‘ English ’ test, i.e. 
a test-tube about 1 in, in diameter is ffilocl tf» 
the depth of about 2 ins, with the molted 
paraffin, a small thermometer is inserteti, and 
the whole steadily stirred, while tho to.st-tubff 
and its contents are allowed to cool slowly, '.rhe 
temperature at which the thermometer remains 
stationary for a short time is tho meJUng 
(setting) point. 

II. ELASHiNa-roiNT OE IlBAvy Minkkal Oil. 

8. Determinalwi of the flashmg-poml of 
heavy mineral oil. The oil cup and cover of 
the ordinary ‘ Abel ’ flash-point apparat,UK arts to 
be oraployod. The cup is filled with oil in tho 
usual manner, and tho rate, of hrsating is to be 
such that at least 15 minutes ans talnsn in 
raising tho temperature of thes oil lo 300° E. In 
tho event, however, of a disputts arising as to the 
correct flashing-point of a heavy mineral oil, 
the quo..stion is to be decided by means of the; 
‘ Penskv-Alartctrs ’ apparatus ( J. Soc. (.'hem. 
Ind. 8,'734). 
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III. Viscosity of Minbkao Oil. 

9. Determination of the viscosity of mineral 

oil. The instrument known as the ‘ Redwood ’ 
viscometer is that which is to be employed in 
the determination of the viscosity of mineral 
oils. The instrument is to bo standardised 
according to ■ -p---'’- ■’ -en by Mr. Boverton 

Redwood (J. ^ . ■ . : .6, 127). Ordinary 

results are to bo expressed, as the time in seconds 
which 50 c.c. of the oil take to flow through the 
orifice at a temperature of 70°E. 

IV. Setting-point op Mineral Oil, 

10. Determination of the setting-point of 
mineral oil. This is determined in the following 
manner. Into a test-tube having a diameter of 
about ins. the oil to bo tested is added 'to 
the depth of aljout 2 ins. ; the tube is then 

immersed in ’’ ' ' ■ ' . . " ■ oil being 

slowlystiiTed ■ ' ■ ■ ■ ■ is cooled 

down considerably below the temperature at 
which solid paraffin first appears. The tube is 
then removed from the freezing mixture, the 
oil constantly stirred with the thermometer, 
and the point carefully ovatohed at which the 
last trace of solid paraffin disappears. This 
operation is rejicated with the same sample of 
oil until two oxpr3ri monks give concordant 
results, the temperature so found being the 
setting-point. 

7. Qas and fuel oils. 

‘ Gas oils ’ (mineral oil distillates used in the 
manufacture of gas for illuminating purposes or 
for the enrichment of coal-gas) are te.sted for 
specific gravity, flasli-point, and freedom from 
water and dirt. In some cases a distillation tc.st 
designed to secure uniformity in the oils supplied 
is also carried out. 

Oils intended for use as liquid fuel are 
examined for the presence of water and of solid 
particles of foreign matter capable of blocking 
the burners, as well as for specific gravity, flash- 
point, fluidity at 32°E., calorific value, and 
percentage of sulphur. 

Oalorific value. 'Phis is best determined by 
burning one gram in a bomb calorimeter of the 
Mahler or similar typo. Accuracy to within 
about half of 1 p.c. may bo obtained with careful 
working. 

Sulphur. After the determination of the 
calorific value, the gaseous products of com- 
fiUMtion in tlic bomb are led through a slightly 
alkaline scrubber, the liquid in which is added 
■;.> :!;(■ -in-i". V.' of the bomb and the whole 
G -i wi !: barium chloride in the usual 
manner. K* R- 

PE-TUN-TSE, PE-TUN-SE, or PETUNTZITE 

V. China-stone. 

PEUOEDANUM (ANETHUM) GRAVEOLENS 

(Bonth. et Hook.). 'Pho common Dill, culti- 
vated in England and the South of Europe. 
Has a hot sweetish taste ; is used in medicine 
and ' ’ ^mrituous cordials. 

PKWTI.n 

PHASEOLUNATIN v. Glucosides. 

PHELLANDRENE Ch,H,„ is a t( ,:rpeno which 
occurs in many oils sucli as tliat of Eucalyptus 
amygduUnn (Xiahill.) (Baker and Smith, J. Soc, 

' A full translation into Kncilish of the descriptive 
painptilot issued by the makers of the Mahler bomb is 
included in nick’s Mineral Oil Testing ((iriflin). 


Chem. Ind. 1899, 302 ; Wallach, Annalen, 1905, 
343, 28) ; in cinnamon oil (Dayk, Chem. Zentr. 
1896, ii. 358; Schimmel & Co., ibid. 1910, i. 
1720) ; in the oils of schinus molle (Wallach, ibid. 
1905, ii. 074); of Juniperus phoenicea (Linn.) 
(RocliA Bull. Soc. chim. 1906, [iii.]]35,‘ 922) ; of 
Abies sibirica (Ledeb.) (Schindelmeisor, Chem. 
Zeit. 1907, 31, 759) ; of the sassafras hark and 
loaves (Power and IHehber, Chem. Zentr. 1897, ii. 
42) ; in the seeds of .’’7 ■■ ■' "o t 

(Lcimbach, ibid. ’ ■ ■ ■, . 'T", , 

(Glover, ibid. 1907, i. 1794) ; in the resins of elemi 
vrQoA{Oanarium luzoJiicum [Miq.])’'(Wallach and 
Rheindorf, Annalen, 1892, 271, 310 ; Bacon, 
Chem. Zentr. 1909, ii. 1448) ; in hitter fennel oil 
(Cahours, Annalen, 1842, 41, 74 ; Wallach, 
ibid. 1887, 239, 40 ; ibid. 1904, 336, 10) ; in water 
fennel oil {Oenanthe Phellandrium (Lum.)) from 
which the name is derived (Pesci, Gazz. chim. 
ital, 1886, 16, 225), and in many other oils {see 
Biochemisches Handlexikon, 1910, vii. 295). 

It is one of the most nnstable of the terpenes, 
and occurs in two modifications, the a- and 
or pseudo, the former of which is usually present 
in greater quantity than the latter. Neither of 
these has, however, ever been obtained quite pure 
(Kondakoff, J. pr. Chem. 1908, [ii.] 78, 42). 

a-Phellandrene exists in dextro- and Imvo- 
rotatory modifications. The chief sources of 
cZ-a-phellandreno are bitter fennel, elemi, and 
schinus oil. It is also the chief constituent in 
the dry distillation of certain elemi resins, 
whilst the chief source of Z-a-phellandrenc is 
eucalyptus oil (Wallach, Annalen, 1904, 336, 
10). 'Phe purest natural a-phellandrcno so far 
obtained has h.p. 01°/11 mm., sp.gr. 0-844 at 
19° {d—a), and b.p. 65°/12 mm., sp.gr. 0-846, 
at 19° {l-~a), at ordinary pressure the b.p. is 
173°-176°. T' ^ ■■ depends on the 

source of the , ■ ■ ■ ■ . ! 'hellandreno has 

been synthesised from isopropyl- A ^-hexonone 
by treating the latter with magnesium methyl 
iodide thus : 

OH 

0 : \ . C3H7 ^OsH; 

'= CHj ^ 

->CH3— ^-CaH, 

(Wallach, Annalen, 1908, 359, 265; ibid. 362, 
281). It has li.p. 175°-176° (docomp.), sp.gr. 
0-841 at 22°. 

a-Phellandrene has also been synthesised 
from A«-menthenc-2-ono by treating it with 
phosphorus pentachlorido and reducing the 
product thus obtained with zinc-dust in methyl 
alcohol solution, or by reducing menthonone-2- 
oximo with zinc-dust and glacial acetic acid, and 
distilling the A®-nionthencaminc so formed in 
vacuo with phosphoric acid. The a-phellandronc 
so obtained has b.p. 6(i°/14 mm., 70°/15 mm., 
sxi.gr. 0-8473 at 21° aj^-|-45° (Harries ancl 
Johnson, Ber. 1905, 38, 1832 ; see also Konda- 
koff and Schindelmeiser, J. pr. Chem. 1905, [ii.] 
72,193; 1907, [ii.] 75, 141). 

a-Phcllandrenc combines directly with two 
atoms of bromiiu! forming a dibromidc which, 
when boiled with alcoholic potash, yields cyraene 
(Wallach and Herbig, Annalen, 1895, 287, 371 ; 
Bacon, l.c.). When treated with alcoholic 
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sulphuric acid a-phcUandrenu yields terpinone 
(Wallach, Annalen, 1887, 239, 44 ; 1889, 252, 
102) ; and ^^'^llen reduced with sodium ^ and 
amyl alcohol it yields 
(A'-p-menthene) Cioldis) ^ ‘ • 

sp.gr. 0-829 (Semmler, Ber. 1903, 36, 1035, 1753 ; 
Bacon, l.o.). On oxidation wiLh potassium per- 
manganate a-liydroxy-i3-isopropylglutaric acid 
CjHi^Osand its lactone CsHiaOd^ arc formed; 
hut Avhen it is exposed to atmospheric oxygen 
diliydroxyjplidlandrene CioH^sOa is produced. 
The latter crystallises in needles, m.p. 104-5 — 
165-5° (Clover, Ainer. Ohem. J. 39, 613). 

Phellandrene reacts with _ halogen acids 
forming mono- and di-additive compounds. 
Phellandrene monohydrocMoride has b.p. 80°- 
83°/l mm., and when boiled with excess of 
alcoholic potash yields d-qnntene (Bacon, l.c. ; 
see also Wallach, Annalen, 1887, 239, 44 ; Chem. 
Zentr. 1902, i. 1293 ; Kondakoff atid Schindel- 
meiser, l.c. ; Kondakoff, Md. 1908, 78, 42). The 
most characteristic compounds of phellandrene 
are the nitrites or nitrosites C^rjIiioNO-NOa. 
They were 9rst discovered by Cahours, and arc 
prepared by the action of nitrogen oxides on 
the corresponding xihellandrone in ligroin solu- 
tion or by mixing an equal weight of aqueous 
sodium nitrite with a solution of the phol- 
landrene in light petroleum and then adding 
gradually the equivalent quantity of glacial 
acetic acid. They are purified by solution 
in acetone and fractional precipitation with 
water or by dissolving in chloroform and 
prociT)itnting with methyl alcohol (Cahours, 
l.o. ; Wallach and Horbig, Annalen, 1895, 287, 
373 ; Wallach, ihid. 1900, 313, 345 ; 1904, 336, 
13 ; Holbronner, Oompt. rend. 1901, 133, 43 ; 
Schindelmeisor, Ohem. Zoit. 1907, 31, 769). 

a-Phollandrene yields two modifieations 

which may ’ garded as cis- and 

/trms- forma ' ■. i : — 

i-~r m.p. 113°~114° (Wallach), 
120 !■' ' - : Chora. Zentr. 1901, ii. 

544), but according to Clover (l.c.) the melting- 
point depends on the temperature of crystallisa- 
tion of the nitrosite (.see also Leimhach, l.c.) 

130°-143° (fromZ-iihcllandreno), [a]^— 138° 

(from d-phcliandreno). 

^-Modification, m.j). 105°— 106° [«]j^ — 40-8° 
(from /-phellandrene), [a]j^-|-45-S° (from d- 
phellandrcne). 

The nitrosites do not rcuict with hromim!, 
and are not readily attacked by potasshim 
permanganate, the products of oxidation being 
active isopropylaucoinio acid, and isobutyric 
acid. When oxidised with nitric acid, the 
products are trinitrototrahydrocymone (chiefly) 
C10H15N3O0, m.p. 13G°-137°, terephthalio, iso- 
butyrio and Mopropylsuccinic acids. Whe^n 
reduced Avith zinc-dust and glacial acetic acid, 
the nitrosito.s yield a-phedktndrcne diamine. 
OmHidNHo)-,, b.p. 251°-254°, 132°-134°/]7 mm. 
(Wallach, Annalen, 1902, 324, 270 ; ibid. 1904, 
330, 42; Kondakoff, J. pr. Chom. 1903, [ii.'| 68, 
294), bub Avhen reduced Avith .sodium and alcohol, 
they yield toLridiyrlnicrn’A'eol. and tetrahydro- 
oarvylaminc. Tlio sclion of hydrochloric and 
of sulphuric acid and of ammonia on the nitro- 
sites has also been studied (Wallach, Annalen, 
1904, 336, 26, 28 ; ibid. 1900, 313, 346). 


... jg obtained by the 
aotior . . - : ish or acetyl chloride on 

the nitrosite (Annalen, 1887, 239, 42 ; 1895, 
287, 374; 1904, 336, 31; 190(», 313, 349; 

Semmler, Ber. 1903, 36, 1754). It is a pale 
yellow oil Avith a quinone-Hke odour, h.p. 134°- 
138°, 125°-129°/9 mm., and gives Avith sodium 
and alcohol the same reduction products as the 
nitrosite. Its optical rotation is in the same 
sense as that of the nitrosite employed. 

/3- or 'pseudo-Phellandrene is obtained chiefly 
from Avater -fennel oil, also from sohinus oil, and in 

small quantities from ’ ' '’’7 

Attempts have been : . - 

cally by treating earvomenthenedibromide Avith 
alcoholic potash (Kondakoff and Schindelmciser, 
J. pv. Chem. 1906, [ii.] 72, 193), or by treating 
?‘sop)ropylhexenone Avith bromacctic ester in 
presence of zinc ; then removing Avater from 
the hydroxy ester so formed, and hydrolysing 
the product (Wallach, Chem. Zeuti*. 1908, i. 
2166). The substances so obtained gave the 
reaction of jB-phellandrenc, but could not ho 
obtained pure. Ithasb.p. 170°-172",67°/llmm., 
sp.gr. 0-8520 at 20°, [a]^-fl8-64. On reduction 

it yields the same as the 

a-compound, and, . ■ Jmbines 

with tAVO atoms of bromine, forming a dibromido 
Avhich, unlike the a-dibrornide, reacts Avith 
alcoholic potash forming r t " nry - 
b.p. 126°-136°/10 mm. (- . d ^ . 

1763). ^-Phellandrene reacts with hydrochloric 
acid, forming pin ■ ’ ’ - 

.dihA-.'lrochkr/k , h , .■■ " i'. ■' 

J. p:.-. 1907, [ii.] 76, 141). 

When /3-phollandrene is oxidised with excess 
of potassium permanganate, the final product is 
/sobutyric acid, but at a low tomporaturo and 

Avith excess of . 1 ' tho folloAving 

products are_-_ i, ^ropyl-A2-cyclo- 
hexene-4-one, v ■ 
acid, and a r.. ■ ; . ‘ ■> ' ■ 

150°/10mm.,- . ■ '' ' ■■■ -I- .- 

acid in stean: : i ■ ■ - ■ > ' " : ■ ' ■ 

identical Avitli imollancirat (Wauacn, ilnnaien,' 
1905, 340, 1 ; see also Semmler, Ber. 1903, 36, 
1749). When oxidised Avith free oxygon, fi- 
phellandreno yields 1 -isopropyl- A ®-cyc/ohexcno- 
4-one, b.p. 103°-100°/15 mm., sp.gr. 0-9387 at 
26°, tho semi-carbazono of which melts at 1 83°- 
184° (Wallach, Annalen, 1906, 343, 30). 

^-Phellandrene nitrite or nitrosite Cin'HxoN.Oa 
exists in two modifieations; a-nitrosite has m.p, 
102° [a]j^— 169-3°; i3-raodiflcation has m.p. 
97°-98°, and is almost optically inactive (Wallach, 
Annalen, 1904, 336, 43; 1905, 340, 1). 

Tho nitrites of /8-phollaudrene are more 
readily solu bio than those of a-phellamlrene. On 
reduction with sodium and alcohol various basic 
products and miminaldohydo (m.p. of seini- 
carhazonc, 210°-211°) are formed, Avliilst if 
carefully reduced Avith zinc-du.st and acetic acid 
Iffivo-roitatory ^-phellandrene diamwe 

b.p. 260° (decomj).), 133°-135°/11 mm. is formed 
(Wallach, Annalen, 1902, 324, 278). This diamine 
giAms a number of distinctive derivatives. 

Nitro-fi-phellandrene Ci(,HibN 02 is obtained 
by treating the j8-nitrosite Avith ammonia or 
potash (Pisci, l.c. ; Wallach, Annalen, 1904, 
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330, 44 ; 1905, 340, 3 ; ibid. 343, 38 ) ; on reduc- 
tion it ^ tctrahydro- 

cuminj ■ . ■ . ■ . i other basic 

substances. ,, h' (i.c.), in addi- 
tion to the a- I i.h' ■.ii.- i.c- contained in 

clemi wood resins, there; is another phcllandrene 
having b.p. 175°--17S°, sp.gr. 0-8375, at 30'Y4” 
[a]i?° 82-4. 

Fhellandral {tetrahydrocuminaldehyde) {v. 
supra) been obtained from 

Fhellandrium -y-.-i- - ■■ removal of tho 

phellandrene. ■ ■ with citral, and 

boils at 220°-230°, S9°/5 mm., sp.gr. 0-9445 at 
15°, a^— 36° 30'. It gives a semi-oarbazone, 
m.j). 204°, an oxime, m.p. 87°-88°, and a 
phenylhydrazone, m.p. 122°-123°. On ex- 
posure to the air jit forms the crystalline 
acid CioHigOg, and” when oxidised with j)otas- 
sium permanganate it yields the dibasic acid 
(JyHiflO,! (J. Soc. Ghem. Ind. 1904, 1236). 
PHENACETIN -- - - 

OaHsO-t Y ;-N!l- Ga 

is prepared by ethylating p-nitrophenol by 
Kolbe’s method (J. pr. Chem. [ii.] 27, 424), 
reducing the nitrophenetole and acetylating tho 
resiilting ammophenetole by boiling with glacial 
acetic acid (Platt, J. Anal, and Appl. Ch. 1893, 
77 ; Hinsberg, Anualen, 1899, 305, 278 j Tauber, 
D. R. P. 85988). 

According to Paul (Zeitsch. angew. Chem. 
1896, 587) phenacetin is i)i“epared by heating a 
mixture of 16-7 grams of r-rr-’i — 
hydrochloride, 8-7 grams of . i ■ . 

83 grams of acetic acid under a reflux condenser 
for 3 hours. The mixture is then poured into 
ten times its volume of boiling water and 
tho solution is filtered. On cooling, phenacetin 
separates out, and can bo purified by repeated 
recrystalhsations. The yield is 90 p.c. of the 
theoretical. 

It crystallises in colourless needles, melts at 
135°, and is sparingly soluble in water-, soluble 
in glycerol, and readily soluble in alcohol or 
acetic acid (Hinsberg and Kast, Chem. Zentr. 

1887, 358 ; Utescher, J. Soc. Chem. Ind. 

1888, 87 ; Seidell, Amer. Ghem. J. 1907, 1088). 
According to Dujardin-Poaumetz (Chem. and 
Drug. 33, 244), phenacetin, if toxiic, is only 
so in slight degree. It is a safe and trust- 
worthy antipyretic, entirely free from injurious 
secondary effects, and in doses of 0 -2-0-5 
gram produces a gradual lowering of tempe- 
rature during 4-6 hours, when a maximum 
depression of 2° is reached, I).-B. ; H. and K. ; 
Q. ; Ghillany, J. Soc. Ghem. Ind. 1887, 676; 
Koblor, Chem. Zentr. 1887, 1092; Hoirpe, ibid. 
1888, 609; Rumpf, ibid. 1888, 1103. In larger 
doses (1-2 grams) it acts as an anti-neuralgic. 

Pure phenacetin should answer to the follow- 
ing tests (Platt, l.c.) : — 

(1) When boiled with hydrochloric acid, tho 
filtrate of the cold diluted solution produces a 
ruby-red colour on the addition of 2 or 3 drops 
of xmtassium dichromate. 

(2) After boiling with water, the cooled 
filtered solution should remain cloar on tho 
addition of bromine water. 

(3) Boiled with hydrochloric acid and ferric 
chloride, a red colour is produced. 

(4) Boiled with caustio potash, alcohol is 
produced. 


(5) Heated with alcohol and sulphuric acid, 
ethyl acetate is produced. 

(6) Sodium persulphate produces a yeUow 
colour when warmed with phenacetin, and this 
deepens to orange on boiling. 

(7) Bromine water when heated with phon- 
acetin solution gives a rose-colour. 

(8) With Millon’s reagent phenacetin gives 
a yellow colour passing to red, nitrous fumes are 
also given off and a yellow precipitate separates 
(Barral, J. Pharm. Chim. 1904, 237). 

(9) When boiled Avith phosphoric acid of 
sp.gr. 1-7 a rose colour is produced, passing 
through red, violet-bluish-green to a dirty green 
(Raikow and Schtarbanow, Chem. Zentr. 1900, 
i. 999). 

Phenacetin may contain as impurities or 
adulterations, acetanilide, antipyrine, quinine, 
exalgin, and other substances (Maniiich, B. 
Pharm. 1906, 57). It also occurs as an impurity 
in antipyrine and other pharmaceutical sub- 
stances. Acetanilide may be distinguished by the 
follo^ying methods. 

0-i gram of the sample is boiled with 3 c.c. 
of a 50 p.c. sodium hydroxide solution, then 
cooled and shaken with 5 c.c. of sodium hypo- 
olilorite solution. If acetanilide he present a 
purple- or brownish-red turbidity is produced, 
but if the sample he pure, a clear yellow liquid 
is obtained (Beringer, Chem. and Drug. 1903, 
377). 

0-5 gram is boiled with 6 c.c. of water, 
cooled, filtered, and the filtrate boiled, with 
dilute nitric acid and potassium nitrite. Then 
a drop or two of Plugge’s phenol test is added, 
and the solution boiled. The appearance of a red 
colour indicates acetanilide ; 2 p.c. of the latter- 
can thus be detected (Schroeder, Arch. Pharm. 
[hi.] 27, 226). 0-6 p.c. acetanilide can he detected 
by boiling a gram of the sample with 16 c.c. of 
water, the solution is then cooled and filtered. 
On addition of bromine water, a turbidity is 
produced if the impurity is present owing to tho 
separation of 2?-bromacetanilide (Guasti, L’Orosi, 
17, 111). 

To detect phenacetin, exalgin, and acetanilide 
in a mixture, 1 gram of tho mixture is treated 
w'ith, 2 c.c. chloroform, which dissolves the 
exalgin. In aqueous solution antifobrin gives 
with bromine water a crystalline bromine 
compound, whereas tho other two substances 
do not give this (Hirschsohn, Pharm. J. 20, 710). 
Or 2-4 c.c. of tho solution is boiled with potash 
in a test-tube fitted with a rubber cork and bent 
tube leading into a tube containing 1-3 c.c. of 
bleaching powder. If acetanilide is present the 
first few drops produce a violet colour. , Exalgin 
gives a green, turning to a greyish-green colour ; 
if antipyrine is present a yellowish-green colour is 
produced, whilst if none of those impurities is 
present, at first tho solution remains colourless, 
then a vermillion-red turbidity is produced, and 
finally a red substance separates on the surface 
of the liquid, which itself remains clear yellow 
(Raikow and Schtarbanow, l.c.). 

Tho presence of quinine can bo detected by 
the addition of chlorine water and ammonia 
when, if quinine is present, a light blue colour 
will be produced, whereas if the sample is pure 
the colour is violet-yellow (Sostini and Campani, 
L’Orosi, 14, 304) ; or the solutionis agitated with 
bromine vapour and ammonia added drop by 
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drop, the solution turns green, and on being 
shaken with ether, two layers are formed ; the 
upper is green, indicating quinine, the lower is 
violet-yellow, and consists of the phenacetin 
compound (Chem. Zeit. 1892, 308). Eor other 
methods and for the detection of other impurities 
c/. Baikow and Schtarbanow, l.c. ; Luttke, 
J. Soc. Chem. Ind. 1890, 544; Eeuter, Pharm. 
Zeit. 1891, 185 ; Goldmann, ibid.208 ; Platt, l.c. ; 
Hyde, Amer. Chem. J. 1895, 933 ; Schoepp, 
Pharm. Zeit. 1897, 106 ; Maas, Chem. Zentr. 1900, 
ii. 1215. Eor the estimation of phenacetin c/. 
Turner and Vanderkleed, Pharm. J. 1907, 521. 

When finely-pow’r’ is boiled 

with nitric acid, the : u , deposits 

silky yellow needles ; , ■ s ■ j ■ > 

OEtG(.H3(NOa)NHAc, 

m.p. 103°. This reaction can serve a« a test 
for distinguishing phenacetin from acetanilide 
and antipyrine (Autenrieth and Hinsberg, 
Arch. Pharm. 229, 456). Erom the nitro- 
compound luteol S ’ ’ ■■ ■■ 1- ./d‘ 

quinoxaline), a ve ; s > . ■ .■ i 

prepared (Autenrieth, Chem. Zeit. 1900, 453 ; 
Meyer, J. Soc. Chem. Ind. 1909, 328). 

With concentrated sulphuric acid phenacetin 
gives the sulphouio derivative, other compounds 
being obtained when the strength of the acid is 
varied (Cohn, Annalen, 1899, 309, 233).- 

Alkylated phenacetins are obtained by 
treating a solution of phenacetin in xylene 
solution with sodium and then acting upon the 
sodium salt thus obtained with, the alkyl halide 
(Wnicox, J. Soc. Chem. Ind. 1 891, 384) ; or by 
treating the acetyl compound of phenacetin with 
the corresponding alcohol (Willcox, l.c. 864), 

The methyl compound BtO-CBH 4 ]SIMeAc, 
m.p. 40°, has more powerful narcotic properties 
than phenacetin itself, and the ethyl compound, 
m.p. 38°, still more so. The iso-propyl and 
higher alkyl compounds are less powerful 
narr T!’--! .hnnalen, 1899, 305, 276). 

. ■ . . ■ ■ OBtC«H4NAc-CH.aCOPh, 

m.p. 87°, has been prepared in a similar way, 
and is a non-poisonous hypnotic antipyretic 
(Goldschmidt, Chem. Zeit. 1901, 628). 

By boding phenacetin (1 mol.) with acetic 
anhydride (3-4 mols.) a diacetyl derivative is 
formed, m.p, 63-5°-64°, which has simdar 
physiological properties to phenacetin, its action 
being more intense but less lasting than the 
latter (Bistrzyeki and Ulffers, Ber. 31, 2788). 

Phenacetin has been cldorinated (Reverdin 
and During, Ber. 1899, 32, 152), and brominated 
(Hinsberg, Lc. ; Staedel, Annalen, 1883, 217, 73 ; 
Vaubel, Ber. 1899, 32, 1875; J. pr. Chem. 
1897, [ii.] 217 ; Hodurek, Ber. 1897, 30, 477). 

By the action of cldoracetylcliloride on 
p-phentidine the chlorine derivative 

OEt'CttHiNHCOCHaCl, 

m.p. 145°-146°, is obtained (Bistrzyeki and 
UlfEers, l.c.). 

When a solution of phenacetin in water, 
alcohol, or glacial acetic acid is treated with a 
solution of iod’-' ■- n-t;-,- - .v choco- 
late-coloured , ophenin 

Cl2o^'^25^2^4^3 ' ' ■ ■ plicable 

to therapeutic ; . . -1. . Chem. 

Ind. 1892, 633 ; D. R. P. 58409) (v. SYNa’HETio 

DBTJGS). 
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Phenanthrene, which rvas isolated from coal- 
tar almost simultaneously by Eittig and Ostcr- 
mayer (Ber. 1872, 5, 933; Annalen, 1873, 166, 
361), and by Graebe and Glaser (Ber. 1872, 5, 
861, 968, 982 ; Annalen, 1873, 167, 131 ; cf. 
Limpricht, Ber. 1873, 6, 632 ; Pi ay duck, 

Annalen, 1873, 167, 177), is the chief con- 
stituent of the solid, readily soluble portions 
of crude anthracene. It constituted about 45 
j).c. of the Stuppfett obtained as a by-iuoduct 
in the distillation of Idrian quicksilver ores, but 
the process is now obsolete. 

Formation . — Phenanthrene is obtained wil-h 
other hydrocarbons when vapours of toluene 
(Graebe, Ber. 1874, 7, 48), stilbene, dibenzyl 
(Graebe, Annalen, 1873, 167, 157 ; Barbier, Ann. 
Chim. Phys. 1876, [v.] 7, 532), turpentine (Schultz, 
Ber. 1877, 10, 113), or Baku iDetroleum residues 
(Letny, ibid. 1878, 11, 1211), or mixtures of 
diphenyl and ethylene, benzene and styrene, 
benzene and ethylene (Barbier, l.c.), or cumaione 
and benzene (Kraomer and Siulkcr, Ber. 1890, 
23, 85) are passed through a red-hot tube. It 
is also present in the product obtained when 

.-.-...-I-*..- .? -r,- - /y ,1 g-1.. 

2179), or mori)honoi (Vongerichten, Ber. 1898, 
31, 3202) is distilled with zinc dust. 

Freparation . — Eor the isolation of phenan- 
throne that portion of crude anthracene which 
is readily soluble in light petroleum is used. 
To ensure freedom from idienols of high boiling 
point it is extracted with caustic soda solution, 
acridine being removed afterwards with sulphuric 
acid. The residue is then distilled fractionally, 
and the fraction ))oiling at 320°-350° is re- 
fractionated between 339° and 342° (G. A. 
Schmidt, Ber. 1879, 12, 1159). The product, 
which still contains some anthracene and other 
hydrocarbon imimrities, is crystallised from a 
largo bulk of alcohol to remove these less soluble 
constituents, phenanthrene being separatetl from 
the mother liquor by concentration, and j^urified 
by recrystallisation. Wense (Ber. 1886, 19, 701, 
footnote) recommends the use of toluene as a 
solvent for the removal of the Ic.ss soluble 
antliracene. 

Purification can be effected by oxidising the 
impure, material w'jthsufRcie” ‘ ■ ' b ■ 1',’ ■ 

mate and dilute sulphuric ! , 

Schultz, Annalen, 1879, 190, 35), to convert 
anthraccre pi-;--;: n'.: ir.lo Ihe cuinono. Eor this 
reason i,;.: j.riiq'.ili < m-, produced from 

crude anthracene, serves as a convenient source 
of phenanthrene as this hydrocarbo)i can Ijc 
extracted from it readily by 86 p.c. alcoliol 
[cf. G. A. Schmidt, J. ju. ('iunn. 1874, [ii.] 9, 25()). 

Another method of purifying the j)henan- 
thrent! fraction lias lieen proposed, in which. 


’T „t 4 : 5-derivatives sliould 

■■ i ' : ■ -. 190:'., 

■ ■■ 1 ■ ■ in tlie 

middle ring should bo contim : ■■ i (Her. 

1907, 40, 3341). 
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after removal of acid and basic constituents, the < 
residue is freed froni fluorenc and diphenylono ( 
oxide by fusion with caustic potasii at 300°, < 
folio Aved by extraction Avith hot Avater. The < 
residue is ilnai distilled to (d)taiu the pure 
hydrocarbon (Akt. Teer-u. Erd-Oelind. I). i.t.-P. 
13UG79 ; Eng. Pat. 5047 of 1901 ; c/. ICracmcr 
and Wcissgerber, Ber. 1901, 34, 1065). 

On the laboratory scale, phenanthrcne is 
purified conveniently by conversion in alcoholic 
solution into the piemte, Avhioh crystallises in 
golden-yelloAV needles, m.p. 143°-145°, and on 
treatment Avith ammonia yields the pure hydro- 
carbon (Limpricht, Ber. 1873, G, 532). 

Properties.— Phenanthrene crystallises in 
colourless scales, m.p. 100°, b.j). 340°. It is ^ 
insoluble in Avater, but readily soluble in hot 
alcohol, ether, carbon disulphitle, acetic acid, or 
benzene, shoAiang blue fluorescence in solution. 
100 parts of toluene dissolve 33'02 parts at 
10-5°; 100 parts of absolute alcohol dissolve 

2-62 parts at 16° ; or 10'08 parts at 78° (Bechi, 
Ber. 1879, 12, 1978) ; and 100 parts of 95 p.c. 
alcohol dissolve about 2 parts at 13°-] 4° (Graebe, 
Annalen, 1873, 167, 136). 

Eeactiom~{l) Oxidising agents convert 

phenanthrcne into ’ - -n -, - Py 

further oxidation int ■ • i ^'nd 

Ostormayer, lx.), bul . ■ _ 100 

p.c. sulphuric acid and some mcrcui’y at 300° 
phlhalic acid is obtained (Bad. Anilin- u. Boda- 
Eab. D. R.-P. 91202 ; Eng. Pat. 18221 of 1906). 

(2) Chlorination in presence of halogen 

carriers leads to the production of 9 : 10-dichloro- 
phenanthr .- f 160°-161° (J. Schmidt 

and Ladm , : I ■ 4403), and of 2 : 9 : 10- 

'■■'ri \.r id r.'ii . needles, m.i). 123°-124° 

S.i.m: I ibid. 1906, 39, 3892). 

(3) With Iji'omine in the cold it forma the 

dibromide, prisms, m.p. 98°, Avhich, heated at its 
rv;' ki’'.r or Avith A*/ater, decomposes into 

ii ■ I" - . prisms, m.p. 63° (Eit- 

■ ij u'.i. I f-.' i !-;- A: nalen, 1873, 166, 363; 
Hayduck, l.c. ; Zetter, ^ Ber. 1878, 11, 165; 
Austin, ('hem. Hoc. Trans. 1908, 93, 1763). 
Bromination in boiling chloroform solution leads 
totlu! formation of 3:9- (or 10) dd rr.mophennn- 
threne, needles, m.p. 146° (.'■e'l :■ :,:-o 

Ber. 1904, 37, 3577) from phenanthrene, but of 
2 : 1-dibromoplienanlhrenc, needk^s, m.]). 199°- 
200°, from a-tetrahydro phenanthrene (Schmidt 
and Mezger, ibid. 1 907, 40, 4562). 

(4) By nitric acid, it is converted into nitro 
derivatives like naphthalene and not oxidised to 
ouiri'me hire anthracene. 

I :\/,i and synllieses. — The structural 
fornuda assigned to phenanthrene at the head of 
this article was adopted originally to (sxhibit the 
relationship existing Ixitween the hydrocarbon 
and diphenic acid, its oxidation product (Eittig 
and Ostermayer, lx. ; Schultz, Aiinalen, 1879, 
106, 1 ; 1880^ 203, 95), or phthallc acid {cj. An- 
schiitz atrd Japp, Ber, 1878, 11, 211). It has 
beem confirmed by several syntheses, from among 
which three may be selected for reference as 
cstabliBhing the* iJresence of speeitic radicles or 
linkings : — 

(i.) Relationship to ethylene: Production 

> Zetter, also, has clescribeci two dibromopheiian- 
threnes, but one of them— the /3-compmmd— is noAV 
known to be p-dibroraolluoreno (Werner and Egger, 
Ber. 1904, 37, 3027). 


of phenanthrene by di.stilling phenanthrene-9- 
carboxylic acid obtained by the interaction of 
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(ii.) Relationship to diphen}d : Proclnction 
of phenanthrene by debrominating mwco'ce'-tetra- 
bromo-2 ; 2'-ditolyl by moans of sodium (Kenner 
and Turner, Chem. Soc. Trans. 1911, 99, 2112). 
xA /GHBi-p. Br„GH\ /v 
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Ho 

/Cv 

Z- \ ru-T 


^r. - — k'‘’’alene ; Produc- 
by heating fi- 
■' acid, prepared from ^- 
thc Perkin reaction (Ludewig, 
. 351 ).! 


r Hoz\ 

GH -^^^1 11 

/\/\/ _ f\/\/ 

II II 

\/\/ x/\/ , 

Pschorr’s method has proved to be of Avide 
applieation in the synthesis of phenanthrene 
derivatives of knoAvn constitution from substi- 
tuted ; acids, and, 


group of opium alkaloids to be elucidated. 

Chemical activity in the phenanthroiio 
molecule is manifested chiefly at the ethyleuic 
double linking, shoAvn between carbon atoms 
numbered 9 and 10 in the formula at the hcatl 
of this article. Here the addition of hydrogen 
and bromine takes place, here oxidation leading 
to the iwoducfcion of phcnanthraqninone occurs, 
and hcire disruption of the molecule follows 
Avhen more poAA'crful oxidising agents arc used 
as in the formation of diphenic acid. Eor the 
■ f d ! ( r v; i i i ■ r' ori entation in the irhcnan- 
-.i. i'-cidi-, o.V' lation to diphenic acid is 
important, as— Avhen substituents occur in 
positions other than 9 or 10 or 9 and 10— they 
arc found in corresponding positions in the 
resulting diphenic acids. 

Phenanthrene has little value m techmoal 
chemistry, but its relationship to some of 
the alkalloids of opium and of Corydalis is 
of much interest. These alkaloids are me- 
thoxy or hydroxy derivatives of tetra- or 

I Although pbenaiitlireno can be synthesised from 
naphthalene, the revorHo operation has not been 
accomplished, the lateral rings rem.nning intact, until 
the middle ring has been broken down by oxidising 
agents. 
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\o/ OH 


’■fv' ’i;--’' ■ y- ■■ . ■'1 ' parent substance 

‘ . i I ■ ■ complex in the 

case oi the opium alhaioids being 3 : 6-di- 
hydroxy-4 : 6-phenanthrylonc oxide, in the 
molecule of which (a) rings I and II are 
hydrogenated in morphine 
and codeine, but only ring I 
in thebaine ; (b) the hy- 
droxyl radicle is methylated 
in ring I in codeine, but in 
both rings in thebaine. Of the Oorydalis alka- 
loids bulbocapninc, corytuberine, and corydine 
less is known, but a relationship has been 
established between their structure, and that of 
ct^jomorphine (Gadamer, Arch. Pharm. 1911, 
249, 503 ; c/. Dobbie and Lauder, Chem. Soc. 
Trans. 1902, 81, 145). 

The connection between the qx^ium alkaloids 
and hydroxyphenanthrenes has led to the study 
of the physiological action of phenantlii'ene and 
its derivatives. Phenanthrene and its hydro- 
genated derivatives are harmless (Hildebrandt, 
Arch. exp. Path. Pharm. 1908, 59, 140), but 
2-, 3-, or 9-hydroxyphenanthrene administered 
subcutaneously gives rise to acute tetanic 

-’--'rved also with certain of the 

■!!■■■ ■ sulphonic acids (Bergell and 

. physiol. Chem. 1903, 38, 10). 
There is no evidence to show that phenanthrene 
derivatives from the molecules of which a 
quinoline or woquinoline ring is absent can 
exercise a narcotic action. 


PHENASrTHRBra HyDEIDES. 

9 : IQ-Diliydrophenanthrme is obtained when 
phenanthrene is reduced in boiling amyl alcohol 
solution by sodium, or in presence of finely- 
divided nickel at 200° by hydrogen '( J. Schmidt 
and Mezger, Ber. 1907, 40, 4240), or in presence 
of nickel oxide by hydrogen at 320° under 
100 atmos. (Ipatiew, jakowiew and Rakitldn, 
Ber. 1908, 41, 999). It forms leaflets from 
alcohol, m.p. 94°-95°, b.p. 312°-314° under 
739 mm., and does not react with bromine. 
The picrate forms scarlet needles, m.p. 135°-137° 
(J. Schmidt and Mezger, l.c.). 

By further reduction with these agents a- 
and ^-ieirahydro-,^ and hexaliydro-, oclohydro-, 
decahydro-, and -7 -- . n . . . ’^^ve 

been obtained. ! ' ' , the 

- ' ' ■ lensity of which fall as the 

. ' : ! in the molecule is increased. 

^ of the a-tetrahydro deriva- 
tive they do not form picrates (J. Schmidt and 
Mezger, lx.). 


PHENANTHEENEStrLPHONIO AOID. 

^'Tr'" ■■i'’”’- ■ ■ effected by the 

■■■■■• . ' ■ 1 1 an equal weight 

' !■ ■■ I ■ M-' ■ , Annalcn, 1873, 

,■ and Japp, Ber. 1877, 10, 
1661 ; Japp, Trans. Chem. Soc. 1880, 37, 83) ; 
with two-thirds of this weight at 170° ^ (Morton 
and Geyer, J. Amer. Chem. Soc. 1880, 2, 203) ; 

* These tetrahydrophenanthrenes are probably the 
2 : 7 : 9 : 10- and 4 : 6 : 9 : 10- derivatives, but it is 
not known which of them has the former, and which the' 
latter constitution. 

" The “ |3-acid ” obtained in addition to Graebe’s 
acid by these authors is not Identical with Japp’s 
g-aoid, and appears to have been 3-acid mixed with 
some impurity, probably 2-acid (of. Werner, l.o.). 


with an equal weight of sulphuric acid at differ- 
ent temperatures between 80° and 165° (Werner, 
Annalen, 1902, 321, 257 ) ; and with ehlorosul- 
phonic acid (Pschorr, Ber. 1901, 34, 4004). 
Lisulphonation has been found to occur when 
■ ' ’ ■ ■ ’ ’ ■ ted with anhydrosulxilmric 

■ .. ■ Ber. 1880, 13, 314). 

Three monosulphonic acids have been shown 
to occur in the products obtained by the aid of 
sulphuric acid. The fii'st of these was isolated 
by Graebe, and converted by Schultz and Japp 
into a carboxylic acid, oxidisablo to phenanthra- 
quinonecarboxylic acid ; it is the [a-] or 3-acid, 
as it yields 3-hydroxyphenanthreno on fusion 
with caustic potash. The second was isolated 
by Jai^p, and by him oxidised to phenanthra- 
quinone ; it is the [/3-] or 9(10)-acid. The third 
is the 2-acid discovered by Werner and Relmer 
(Werner, l.c.), which gives 2-hydroxyjjhenan- 
threne on fusion with caustic potash. With 
chlorosulphonic acid the product is a mixture of 
the 2- and 3-sulphonic acids. 

The conditions under which these acids are 
obtained by means of sulphuric acid is shown in 
the scheme, which allows a comparison to be 
made with the course of sulphonation in the 
naphthalene series : 

S 



Best yield at 96°- Best yield at 120°- Hood yield at 
100°; not de- 180°; very little 120“-180'-'. 

tected above above 180°. 

130°. 

Eor the separation of the isomerides fractional 
crystallisation of the lead, barium, calcium, or 
potassium salts is emxJoyed, the solubility in 
water in each case increasing from the 9(1(.))- to 
the 2-acid (Werner, l.c.). 

Phenanthrene-2-suIphonic acid, has not Imcn 
crystallised. The lead salt, P1 jA 2,2 HoO, is 
crystalline ; the polassiwn salt, KA, and 
ammonium salt, NH^A, form leaflets ; and the 
methyl ester scales, m.p. 90°-9S°, which shoAV 
blu(! fluorescence (Werner, l.c. ; Pscdiorr, l.c.). 

Phenanthrene-3-suIphonie acid forms scales, 
HA,2HoO, m.p. 88°-89°, ''A.P n 

120°-121°; HA, m.p. 175°-... ■' 

Annalcn, 1909, 369, 106). The 'lead ^salt, 

PbA2,3H20, crystalline granules ; copper salt, 
CuAajdHaO, scales; ferrous salt, FcA2,5H.20, 
and zinc salt, ZnA2,41420, crystalline powders ; 
harmm salt, BaA2,3H„0, scales; calcium salt, 
CaA2,2H20, crystalline granules ; maynesium 
salt, MgA2,4H20, scales ; salt, KA, 

scales ; ammo7iium salt, Nli^A, s<iales, have lieen 
described (Sandqvist, l.c.). The sulphonyl 
chloride crystallises in rhombic prisms, m.iJ. 
110°-111°, also 114° ; the amide in scales, m.p. 
190°; the methyl ester in scales, m.j). 119°; 
and the ethyl ester in needles, m.p. 108°. 

Phenanthrene-O ( 10)-sulphonic acid forms 
needles; the barium salt, BaA2,24H20, needles ; 
the potassium salt, KA, needles ;" the sulphonyl 
chloride needles, m.p. 125-6° ; and the anilide 
prisms, m.p. 165° (Wenun-, l.c.). Eor other 
salts, cf. Sandqvist, Annalcn, 1912, 392, 76. 
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Niteophenanthbbnbs. 

Of the five nitroplienantlirenes ilio 1-iso - 
merido has not yet been prepared (J. Schmidt 
and Ileiiile, Ber. 1911, 44, IfJO). 

Earlier work on the nitration of phenanthrciie 
with a largo excess of fuming nitric acid led to 
the isolation of three compounds, termed a- 
(m.p. 73°-75°), 13- (m.p. 12G°-127°), and y- 
(m.p. 170°-171°) nitrophonanthroiaes (G. A. 
Schmidt, Ber. 1879, 12, 1153). It has been 
shown that of these compounds the a- and y- 

4.. 3.iiitro. 

p ■ ■ ' . . . . the y8-compound is a 

nitro derivative not of plienanthrene, but of 
fluorene, which accompanies this hjulrocarbon 
in coal-tar (J. Schmidt and lieinle, lx.). 

For the production of nilropliencmthrencs J. 
Schmidt has employed two methods. In one, 
nitration is effected by nitric acid (sp.gr. 1-45) 
in presence of a mixture of acetic acid and acetic 
anhydride, leading to the formation of the four 
isomerides. A summary of the properties and 
yields of these substances, as recorded by J. 
Schmidt and Heinlo, is given in the table — 


NOa 

Yield 

(approx.) 

Crystallisation 
from alcohol 

M.p. 

Picrate 

2- 

20 p.c. 

1 

pale yellow 
'.•rosettes 

99° 

none 

3-» 

2 p.c. 

deep yellow 
.• needles 

170°-171° 

none 

4- 

20 p.c. 

reddish yellow 
needles 

80°-82° 

none 

9- 

60 p.c. 

orange yellow 
needles 

110°-117° 

98°-99“ 


In the second method use is made of one of 
the two additive compounds which iihenanthrene, 
dissolved in bemaene, forms with the nitrous gas 
obtained by the interaction of nitric acid and 
arsenious oxide, fllhis substance, nilrudihydro- 
phenanthrene oxide (m.p. 154°-i55°), is con- 
verted by sodium methoxido into 9-niti'O- 
phenanthrene (J. Schmidt, Ber. 1910, 33, 3257) : 

OoHpCHCNOa) (NOalCH-CoH^ OgHt-O-NO, " 

■" ” ■ ''■■■' o derivative, 9- 

: ■ ■ -a yellow crys- 

talline compound, decomxiosing at 100“, is 
obtained on mixing phenanthrene in dry powder 
with the liquefied nitrous gas (J. Schmidt,, 
:D. R.-P. 129990 of 1901). 

AMINOrnENAOTHEENES. 

Four amiuophenanthrones (phenanthryl- 
amines) are known con'e.spjonding in orientation 
with the .. q’hrcc methods 

have been , 1 ' P ration : — 

(i.) Reduction of the nitro compound by 
alcoholic ammonium sulphide (G. A. Schmidt, 
Bor. 1870, 12, 1150), or stannous chloride and 
hydrochloric acid (J. Schmidt and Strobel, 
ibid. 1901, 34, 1464), or zinc dust and alcoholic 
ammonia (J. Schmidt and Heinle, ibid. 1911, 44, 
1498). 

(ii.) Heating the hydroxy comjmund at 
temperatures above 200° with ammonia (Japp 
and Findlay, Ghem. Soc. Trans. 1897, 71, 1123 ; 

• • ■' . ig obtained in better yield 

by ’ ■ wltli nitric acid of sp.gr. 

1-5C . ■ Ilelnle, Z.C.). 
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Pschorr and Schrfiter, Ber. 1902, 35, 2728), or 
ammonio-oalcium chloride, or — for the acetyl 
compound — ammotiium chloride, sodium acetate, 
and acetic acid (Werner and Kunz, Ber. 1901, 
34, 2525). 

(iii.) Conversion of i.ho carboxylic acid 
successively into the hydrazide, azide, and 
urethane, which i.s then heated with ammonia 
(Pisohorr and Schroter, l.c. ; P,sehorr, Einbeck, 
and Spangenberg, Ber. 1907, 40, 2000). 

The crystalline character and m.p. of each 
base and the m.p. of its acetyl and benzoyl 
derivatives are given in the talfie — 


— 

Base 

Acetyl 

Benzoyl 

2- 

crystals, 8.5° 

226°-226° 



3-a- 

leaflets, 143° 
leaflets, 87-5° 

1 200°-201°fi 

213°-214°|3 

4- 

needles, 105° 

190° 

224° 

9-a- 

y.- 

needles, 138° 
crystals, 104° 

j- 207°-208°a 

100°a 


As show in the table, 3-aminophenanthrenc 
(Werner and Kunz, l.c. ; Werner, Annalen, 
1902, 321, 312 ; cj. J. Schmidt and Sauer, Ber. 
1911, 44, 3247) and 9-amino])hcnanthrone (J. 
Schmidt and Heinle, l.c.) exist in two forms — 
one stable, the other labile and convertible into 
it by being heated or kept for some time or 
aeotylated. Both forms of each compound give 
the same acetyl or benzoyl derivative, from 
which by hydrolysis the stable form of the Ijase 
(indicated by the Greek letter) is ol)taincd. The 
nature of the i.somcrism has not been established, 
but it has been attributed to rearrangement of 
the linkings in the jfiicmanthrenu molecule in 
view of the fact that the two forms of the 9- 
isomerido have the same molecular weight 
(J. Schmidt and Heinle, l.c.). 

Hiazotisation of /3-3-amiirophenanthrenc (J. 
Schmidt, Ber. 1901, 34, 3534 ; cJ. Werner and 
Kunz, l.c.), and of 9-aminophenanthrone ^ 
(J. Schmidt and Strobel, Ber. 1903, 30, 2517) 
has been oilected — in the latter case witlr the 
accompanying production of azoxy and azo 

■ ’■ ’ ’ ■ . ■ ' ■ id 

' . , ■ ■ . ■ er 

■ . .. . - , ■ -) 

■ I : ■ ZO 

! ■. ' r. 

The oxime and dioxime of jfirenanthra- 
quinonc, on reduction with stanuous chloride, 

yield 9 ; —.yi.... (Vahlen’a 

‘ morph i; ■ ' . 3840 of 
1902; B . f-' ' I , ■: 3-diamino- 

plienanthrcne respectively (Pschorr and Schroter, 
ibid. 3733). The former, when heated with 
watt^r or dilute acid, is converted into Q-amino- 
phencmlhrenc {Schmidt, D. R.-P. 141422 of 1902). 

H YDEOXYPmSN'ANTIIKBNBS. 

The hydroxy derivatives of phenanthrene 
(phenanthrolH)have been b- i:.'.! I ■■■I Ir.i. ■ 1; ■ 
as a consequence of the i 

has been established betwf. ■ 
tain of the opiun ,■ i alkaloids. 

In many cases the e hydroxy- 

’ tyyo forms of tho 9-isomeride in 

of ■■ ■ ■ ' " ■ -s not 

• (J ■■ ■ . 

ana tnere is no iinorma . both 

forms, or only the o-derivative can bo diazotisod. 
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phenanthrenes has been determined by Pscliorr’s 
synthetical method, which has shown itself to 
I)e of the first importance in the study of the 
degradation jii’oducts of these alkaloids. In 
others, the constitution assigned depends on 
that of the sulphonic acids, frojii ^vhich sonic of 


the hydroxy derivatives have been obtained by 
fusion with caustic alkali (c/. Werner, Annalen, 
1902, 321, 276). The constitution, crystalline 
character, and nicltiiig-point of the hydroxy- 
phenanthrenes and of their ethers arc given in 
the table ; — 


OH in 

Hydxoxyphenanthrones and their ethers. 

Eeferences. 

1 

Has not been isolated. 

Methyl ether, m.p. 105°-100°; gives nicj'ale, needles, 

m.p. 153°. 

Pscliorr, Wolfes and Buckow (Ber. 
1900, 33, 162). 

2 

ITorms scales, m.p. 169° ; couples with diazotised bases ; 
gives acetate, needles, m.p. 142°-143°, and benzoate, leaflets, 
m.p. 139°-140°. 

Methyl ether, iea,&ets,m.j). 100°-101°; gives picrate, needles, 
m.p. 124°. 

Ethyl ether, leaflets, m.p, 112°, 

Werner and Kunz (Ber. 1901, 34, 
2524) ; Pschorr and Klein (ibid., 
4005) ; Werner and Kekner 
(Annalen 1902, 321, 305) ; Hen- 
stock(Cliem. Soc. Trans. 1906, 89, 
1528). 

3 

korms needles, m.p. 122°-123° ; couples with diazotised 
bases ; gives picrate, m.p. 159°, acetate, jAates, m.p. 
115°-11C°, and benzoate, needles, m.p. 119°. 

Mel/iyZ plates, m.p. 63° : givesmerate, red needles, m.p. 

124-5°. 

Ethyl ether, m.p. 46°. 

Pschorr, Wolfes and Buckow (Lc.); 
Pschorr and Sumuleanu (Ber. 
1900, 33, 1821) ; Werner and 
Kunz (l.c.) ; Schmidt (Ber. 1901, 
34, 3535) ; Pschorr (ibid. 4006). 

4 

Crystalline, m.p. 106°-109° ; gives acetate, leaflets, m.p. 
58°-69°. 

Methyl ether, leaflets, m.p. 68° ; gives jiici-ate, red needles, m.p. 
187°-188°. 

Pschorr and Jaeckel (Ber. 1900, 33, 
1826) ; Ludewig (Annalen, 1911, 
379, 361). 

9(10) 

korms large needles, m.p. 152°-153° ; couples with diazotised 
bases ; gives picrate, red needles, m.p. 188°, acetate, 
needles, m.p. 77°, and benzoate, needles, m.p. 96°-97°. 
Methyl ether, needles, m.p. 96°-97°. 

Japp and kiudlay (Chem. Soc. 
Trans., 1897, 71, 1115) ; Werner 
and krey (Annalen, 1902, 321, 
298) ; Pschorr land Scliroter 
(Ber. 1902, 35, 2728). 

2:3 

Has not been isolated. 

Dimethyl ether, leaflets, m.p. 131° : gives picrato, needles, 
127°-128°. 

Pschorr and Buckow (Ber. 1900, 33, 
1829). 

3:4 

Morphol, forms long needles, m.p. 143°; gives di- 
■ ■ ■ 109°. 

3- ' ’ ■ m.p, 65° ; gives picrate, red needles, 

m.p. iou', ana aceuae, needles, m.p. 131°. 

4- Methyl ether, oil ; gives acetate, needles, m.p. 93°-94°. 
Dimethyl ether, leaflets, m.p. 44°; gives red picrate, m.p. 

105°-106°, and dibromide, to.. p. 123°. 

kisclier and Vongorichten (Ber. 
1886, 19, 793); Knorr (ibid. 
1892, 2.5, 1147 ; 1894, 27, 1148) ; 
Pschorr and Sumuleanu (ibid. 
1900, 33, 1819, 1823); Vongo- 
richten (ibid. 352, 1825) ; Knorr 
(ibid^ 1904, 37,^ .^M);,„ Knorr 

9:10 

korms needles, m.p. 146° ; gives monoacctate, needles, m.p. 
168°“170° ; diacetate, flat prisms, m.p. 202°, and dihunzoatc 
m.p. 230°-231°. 

(Bor. ' 190^'' 35', ' 27’3'0, ' 3124), 
Knesch (H. K.-P. 151981 of 1903. 

CO 

korms scales, m.p. 148°. 

Trimethyl ether, m.p. 90° ; gives picrate, brown scales or 
needles, m.p. 167". 

Vongorichten (Ber- 1906, 39, 1720); 
Pschorr and Koch (Annalen, 
1912, 391, 54). 

3:4:6 

Has not been isolated. 

‘A-Methyl ether, oil; gives duicetate, m.p. 102°-163°. 

3 : G-Dimethyl ether (t h o b a o 1), m.p. 94° ; gives acetate, 
m.p. 118°-120°. 

Trimeihyl ether, oil ; gives picrate, m.p. 109“-110°. 

kreund (Ber. 1897, 80, 1389); 
Pschorr, Sc: ’ ’ 

1902, 35, • 

(ibid, 4411) ■ ■ 

37,3490); . ■ 

(Annalen, luru, 'e>(6, oo;. 

3:4:8 

Has not been isolated. 

1 . in.p. 155°-150°. 

. : ■ ■ . ■ ■ ■ , m.p. 182°-183°. 

: - ■ < , ■ ■ b a 0 1), leaflets, m.p. 164°— 165° ; 

gives acetate, prisms, m.p. 96°-97°. 

'Trimethyl ether, leaflets, m.p. 138° : gives picrate, red 
■” ■ . ' — . . .lies, m.p. 139°-140°. 

3 : ' ■' . 100° ; gives picrate, 

Pschorr''" ic-'.p -’- 

Ifiinbc ; ■ 

1907, : . 

Busch .. ■ . : 

Hoerlein (ibid. 2039) ; Pschorr 
and Loewen (Annalen, 1910, 373, 
73) ; Pschorr and Zoidler (ihid.lH). 

3:4:9 
(or 10) 

Has not been isolated. 

3-Methyl ether ; diacetate, needles, m.p. 202°-204°. 

Knorr and Schneider (Bor. 1900, 39, 
1420) ; Pschorr, Kuhtz and Both 
(ibid. 3137). 

1 :3:5: 6 

3:5: fS-'Trimethyl ether, no de.scription given. 

Tetramethyl ether, needles, m.p. 108°-109° gives picrate, red 
needles, m.p. 147°-148°. 

I’schorr and Ilottberg (l.c.) ; Pschorr 
and Knoefller (Annalen, 1911, 382, 
50. 


Among these hydroxy''!'.''"i';'-tl-r-.-’'-/' there in the table needs to be suiiplementcd to make 
are several, about which i'.-- ;■= i-i--, given clear their properties and relationships. 
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9- (or 10-) Hydro xyphenanthrene, also known 
as phonan throne, affords an example of Iccto- 
enolic isonwrisin in the phenantlirene series. 
It can he obtained from phenantliraquinonc by 
partial reduction with hydriodic acid (Japp and 
Klw- . I'!-.— y.:-. '. Tir.ns. 1893, 63, 770), 

. f ■ ■ by reduction with 

iron and acetic acid (Lachowicz, J. pr. Chem. 
1883, fii.] 28, 1G8), and is therefore a ketone 
OoHpCO Coi-ipCHo aj-r4-c(ik 

I I 1 1 ! I 

tlfiHpOO OeH^-CO CcHpCJO 

But its formation from phenanthi'ene-9-sulphonic 
acid by fusion with caustic alkali, its solubility 
in alkali, aird its conversion into an ori/io-azo 
eompoun ‘ ' ' ’ ' ■ ’ . m.^i. 

165°) by . : \Verner 

and Eroy, minaieii, ruoil, 3zi, snow it to 

)jo ])henolic under other conditions. 

Hjjdroxi/ 2 )henunthrenes frottL opium alkaloids. 

The degradation of opium alkaloids into 
nitrogen corap)ounds containing relatively few 
carbon atoms and into derivatives of hytlroxy- 
phcinanthrcne frec^ from iritrogen, has been 
accomplished by Jdofmann’s method of exhaus- 
tive methylation (Ber. 1881, 14, 494, 603), the 
products being decomposed by hydrogen 
chloride (Knorr, ibid. 1894, 27, 1147), acetic 
anhydriile (Eischer and Vongerichten, ibid. 1886, 
19, ' 792), heat (Schreitter anti Vongerichten, 
ibid. 1882, 10, 1480), or hot caustic soda solution 
( Ereund, ibid. 1897, 30, 1379). A list of decom- 
position products of this tyi)e is given by Knorr 
and Rschorr, Bcr. 1900, 38, 3174. The follow- 
ing summary indicates the sources of the more 
important nitrogen-free degradation joroducts of 
opium and Carijdulis alkaloids. 

3 : 4-Dihydroxyphenanthrene or morphol is 
formed when aeetylinorphine methiodidc and 
its 3-m.ethyl ether when ric,'} vleral> ifr..- nmi Id.-jdide 
are heate<l with acetic lifice (I'i-moT and 
Vongerichten, Ber. 1880, i'.i, 7!i2 : ibid. 

1889, 22, 181, 1113 ; Vongerichten, ibid. 1896, 
29, 60 ; 1897, 30, 2439), or inorpheuol methyl 
ether is reduced by sodium and alcohol (Vonge- 
richten and llittmer, ibid. 1906, 39, 1719). By 
the degrada-' r'poir.r r] .Inne the dimethyl 
ether of ' ■•r.o.iyii'- i;.-,'.-; has been ob- 

tained, convertilile into morphol dimethyl ether 
(Pschorr, Jaeckel and Eecht, Ber. 1902, 35, 
4392 ; Pschorr, Einbeck and Spangcaiberg, ibid. 
1907, 40, 1998). 

Morphenol (3-hydroxy - 4 : 5-phenanthrylene 
oxide) is the internal anhydride of 
3:4: h-lrihydroxyplmianlhrime, int(j 
which it is converted by fusion with 
caustic alkali (Vongerielilen and 
Dittnuw, Ber. 1906, 39, 1718) 


/XOH 

rv'o 

\/\/ 


0 : 

\/' CiJ-T 7(01-1)3. 

It is obtained from ^S-metl'ylmorjdiimethine 
methiodidc (Vongerichten, Bor. 1898, 31, 54; 

1901, 34, 2722), - “■ . 

isolation of the ■■ ■ . \ ■ 

ibid. 1900, 33, 35-, , ■ 

ether by ^ 1 ■ with hydriodic acid 

(Vongerich ■ . 31, 32(12). It forms 

ives no colouration in alcoholic 
■ ■■ chloride, dis.soh'cs in cau.stic 
soda, giving a yellow solution with blue fluores- 


cence, and docs not couple with diazotised bases. 
On reduction it yields morphol (Vongerichten, 
Ber, 1899, 32, 1522). 

Its methyl ether forms needles, m.x). 65° (c/. 
Knorr, Ber. 1889, 22, 184; Wngericllten, ibid. 
1898, 31, 54 ; 1900, 33, 358 ; Scluyver and 
Lees, Chem. 80c. Trans. 1901, 79, 578) ; acetate, 
needles, m.p. 140° ; and benzoate, needles, m.p. 
123° (Vongerichten, l.c.). 

3 : 4 : 6-Trihydroxy ’(■ '' . T’ 

S-TOci/iT/i ef/ier is obtained f ■ ,n' 

Ber. 1903, 36, 3074), and from codeiuone 
incthiodide (Knorr, ibid. 1904, 37, 3501). The 
3 : ^-dimethyl ether or thebaol results from boiling 
thebaine with acetic anhydride (Ereund, Bor. 
1897, 30, 1386), and the trimethyl ether when 
the silver salt of the 8-carboxylic acid, obtained 
from morphothehainc, is decom]io.‘-ecl by heat 
(P.-'chorr and Rettberg, Annalen, 1910, 373, 65). 

3:4: 8-Trihydroxyphenanthrene. The 
3-methyl ether is formed from 
methiodido (Knorr and Hoerlein, Ber. 1907, 40, 
2039, 3350) ; and the trimethyl ether from the 
5-carboxyhc acid obtained from thebenine 
(Pschorr and Loewen, Annalen, 1910, 373, 71). 

3 : 4 : 9- (or 10-)Tr ihydroxyphenan- 
threne. The diacetate of the 3-methyl ether 

is formed when n -.1 . 

(Knorr and Schm 

(Pschorr, ibid. 

3.::., , . • • I hydride. 

Vinylhydroxyphenanthrenes. 

As primary products of the Hofmann degra- 
dation of certain opium and Corydalis alka- 
loids, the following vinylmothoxyphenanthrenes 
have been obtained, wliich on oxidation yield 
the corresponding methoxyphenanthrenecar- 
boxylic acids. 

b-Vinyl-Z : 4 : _ from 

thebenine, forms ■ , .p. ■;;■■■■■' ; ^ icrate, 

rod tablets, m.p. 110° (Pschorr and Massaciu, 
Ber. 1904, 37, 2789). The 3-ethoxy derivative 
forms plates, m.p. 78° (Pschorr and Loewen, 
Annalen, 1910, 373, 72). 

3 -Vinyl-3 : 4:-dimethoxyphenanthrene, from 
apomorphino, forms rhombic prisms, m.p. 
80° ; picrate, violet needles, m.p. 128° (Pschorr, 
Jaeckel and Eecht, Ber. 1902, 35, 4391; cf. 
Pschorr, ibid. 1906, 39, 3124). 

8- Vinyl-3 : 4 : from 

inorphothobaine, , y ' , ' -i- ■■"-61°; 

picrate, reddish- violet needles, m.p. 125°-! 26° 
(KnorrandPschorr, Ber. 1905, 38, 3157 ; Pschorr 
and Rettberg, Annalen, 1910, 373, 66). 

3- Vinyl-3 : i-dimethoxy-Q : 6-methylenedioxy- 
phenanthrene, from bulbocapnine, forms yoUow 
needles, m.p. 101° (Gadamer and Kuntze, Arch. 
Pharm. 1911, 249, 630). 

PniDNANTIIRENECAKBOXYLIO AoiDS. 

p’-,-..- --.j.p have been pre- 

par., : ■■ ■ ■ I obtained from 

the ■ i.- . I '1. ■ ■ . ..■ acids on dis- 

till£ ■■! ■. ■■ |. ■ . ,■■ . or ferrocyanide 

(Sc;,. .' y, ■ '. ■•>,1661; Japp, 

Chem. Soc. Trans. 1880, 37, 83 ; 'Werner ancl 
Kunz, Annalen, 1902, 322, 3‘>3). s— 

Pschorr has obtained the 9 ■. i . ? • ^ ■ ; . . 1 . 
1896, 29, 496), and the 8 : 9-dicarboxylic acid, 
the latter of which readily forms a well-crptal- 
lisod anhydride (m.p. 283°-284°), and exMbits 
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the behaTiour of a naphthalene 'peri- derivative 
{ibid. 1906j 39, 3107). 

Phenanthreno - 2 - carboxylic acid, 
needles, ’■ .r. rr<°; - .- ■■ ■ p . . m.p. 105° ; 

forms ' ■ 2 . ' : ■ acid on 

oxidation. 

Phenanthrene-3-carboxylic acid ([a-] 
acid), scales, m.p. 269°, forms the barium salt, 
BaA2,7HgO, sparingly soluble needles ; sodium 
salt, ]SraA,4H20, easily soluble scales ; amide, 
scales, m.p. 227°-228° ; nitrile, needles, m.p. 
102° ; and yields phenanthraquinone-^-carboxylic 
acid on oxidation. 

Phe nan threne-9-(10-)car boxy lie acid 
([j8-] acid), needles, m.p. 250°-252°, gives the 
barium salt BaAgjGHaO, sparingly soluble 
tablets ; sodium salt, NaA,5H20, easily soluble 
rhombic tablets ; amide, needles, m.p. 226° ; 
nitrile, needles, m.p. 103 ° ; and yields phenan- 
tliraquinone on oxidation. 

Hydeoxyphbkanthbenbgakboxylio Acids. 

: — 1- — -,--^’-1 ^ 


"a ' ' ■ j 

(b) from alkaloids by oxidation of vinylhydroxy- 
phenanthrenes ; (c) synthetically by Pschorr’s 
method from substituted cinnamic acids. As 
win be seen from the following summary, in 
few oases only have salts been analysed, or esters 
described. 

(il Hydroxyphenanthrenecarboxyllc acids, 
[OH.-COaHJ. 

2 : 3 (?). Yellow needles, m.p. 277° (decomp.) ; acetate, 
needles, m.p. 210° (Werner and Kunz, I3er. 1902, 
85, 4425) ; methyl ester, needles, m.p. 120°. 

2 : 9 Prisms, m.p. 278° : aectate, plates, m.p. 223° 
(Psoliorr and Quade, Ber. 1900, 39, 3123). 

3:2(?) Yellow prisms, m.p. 303° (decomp.) ; acetate, 
needles, m.p. 207°-208° : methyl ester, needles, 
_m.p. 171° (Werner and Kunz, l.o.). 

(ii) Methoxyphenanthreneearboxylie acids, 
[OMeiCOaH]. 

2 : 9 Colourless needles, m.p. 228° (P.scliorr, Bor. 1901, 
34, 4002). 

4 : 9 Needles, m.p. 224° (Pscliorr and Jaeckel, Ber. 
1900, 33, 1827). 

1:10 Yellow leallets, m.p. 215° (Pscliorr, Wolfes and 
Biickow, Ber. 1900, 33, 169). 

3:10 Needles, m.p. 239° (ibid. 174). 

(ill) V -.y-ii,- 'k-’eneeapboxylie 

acids, 1 ■ ■ : 

3: 4: 9 '■ . ■ ■ dorr and Sumu- 

lea: . . ■ , . 

4:3:9 Needles, m.p. 264° ; acetate, m.p. 244° (Pscliorr 
and Vogtherr, Ber. 1902, 35, 4414). 

(iv) Dimethoxyphenanthreneeapboxylic acids, 
rOMe : OMe : COaHJ. 

2:3:9 Needles, "m.p. 270° (Pscliorr and Biickow, Ber. 

1900, 33, 1830). .. « 4 .. . 

3: 4: 8 Yolk ” . i.\ .’r"-''-' ' ' ister, prisms, 
m.p. 81°- ■■ : . p. 194°-195° 

(Pscliorr, ■ : ■ ... >2, 35, 4392 ; 

Pscliorr, . ■■■■■, iMd. 1907, 

40, 1999). 

3:4:9 Needles, m.p. 227°-228° (Pscliorr and Sumu- 
leanii, Ber. 1900, 33, 1819). 

(v) Hydpoxydimethoxyphenanthpeneearbox- 
ylie acids, [OH : OMe : OMe : COaH]. 

3 : 4 : 8 : 9 Six-sided plates, m.p. 231° ; ttcefafe, prisms, 

m.p. 220°-227° (Pschorr, Ber. 1900, 33, 180). 

4 : 3 : 6 : 9 Leaflets, m.p. 254°-250° ; acetate, m.p. 

201°-20S° (Pscliorr, Seydel and Stolirer, Ber. 
1902, 35, 4409). 

8 : 3 : 4 : 9 Needles ; lactone, needles, m.p. 160° 
(Pschorr and Popovici, Ber. 1906, 39, 3120). 

(vi) T'-’"" -’-.-’■.‘’■peneeapboxylieaeids, 

[OMe: 

3:4:5:- -235° (Pschorr, Zeidler 

anc ■ . 1012, 391, 47 ; Pschorr 

aiic I 


3 : 4 : 6 : 8 Needles, m.p. 201° ; methyl ester, needles, 
m.p. 101°-102° ; ethyl ester, leaflets, m.p. 83°-84° 
(Knorr and Pschorr, Ber. 1905, 38, 3168 ; Pschorr 
and Kettbei'g, Amiulen, 1910, -373, 51). 

3 : 4 : 6 : 9 Yellow needles, m.p. 203° (P.scliorr, Seyilel 
and Stohrer, Bor. 1902, 35, 4406). 

3 : 4 : 7 : 9 Needles, m.p. 214° (Pschorr, Zeidlor anil 
Hickliausor, l.c.). 

3 : 4 : 8 : 5 Needles, m.p. 224°-220° (Pschorr anil 
Massaciii, Ber. 1904, 37, 2790 ; Pschorr and 
Loewen, Annalen, 1910, 373, 70). The 8-cthoxy 
acid forms needles, m.p. 191°. 

3 : 4 : 8 : 9 Leaflets, m.p. 250° (Pschorr and Busch, 
Ber. 1907, 40, 2003). The 8-ethoxy acid forms 
leaflets, m.p. 265° (Pschorr and Zeidler, Annalen, 
1910, 373, 78). 

(vii) 3: 4-Dimethoxy-5: 6-—"^'-’-’ 

anthpene-8-capboxylic aei... . ■ 

(Gadamer and Kuntze, Arch. I ■ , ■ , 

Dihydeoitibnantjikbnb Dbeivativbs. 

/"X Phenanthraquinone is a typical 
1 1 member of the series of ortho- 

quinones, but unlike [B-]naphtha- 

I quinone, to which, it shows a clo.so 

I pQ resemblance in properties, it can be 

obtained from • ■ ’ --n - 

XX ■ I reactions of 

an ori/m-diketone, as may be seen by comparison 
with bonzil; thus it reacts with hot caustic 
alkali solution, forming a glycollic acid, which by 
oxidation is converted into a ketone ; 

CfiHi-CO 

I 1 >G{0H)-00,Ii-> 1 ;'CO; 

C,,H,-00 C„Il/ OoH/ 

yields azines by condensation with orlho- 
diamines; and gives a mono- and a di-oximo 
with hydroxylamine. The relationship between 
the colour and constitution of the dioximo and 
its derivatives has been discussed by Schmidt 
and Soil (Ber. 1907, 40, 2454 ; cf. Hantzsch and 
Glover, ibid. 4344 ; Schmidt and Mezger, ibid. 
4560). 

Substitution derivatives 'f -j-Pv. - 

one are formed either by , ■ 

spending phenanthreno der:' . ■ . , 

9-, 10-, or 9 : 10- compounds), or by direut 
substitution. In the latter case sub.stitutioii 
usually occurs in the equivalent 2- and 7- 
positions, thus recalling the formation of meia- 
derivatives of benzene under the directing 
influence of the carbonyl radicle. 

Preparation . — Crude yb - 'xqo 

grams), consisting of the • \ . ...■ con- 
stituents of the coal-tar . ■ .; at 

320°-340°, is warmed with ■ . ta.s- 

sium dichromate (300 grams) in sulphuric atiirJ 
(900 grams), diluted with water (l‘fl litres), and, 
after the vigorous reaction has subsided, inoni 
dichromate (300 grams) is ad" ", 
liquid finally being boiled for ■ ' ■ ■ , . 

precipitation by water the quinone is washed, 
dried, stirred into concentrated sulphuric acid, 
and after 24 hours mixed with water. Chromiuiu 
salts, diphonio acid, acridine, &c., pass into 
solution, the last traces of organic acids or 
hydrocarbons being removed by extracting the 
residue with cold, dilute caustic soda .solution, 
and afterwards (when dry) with ether. The 
residue is freed from anthraquinone by digestion 
with warm concentrated sodium bisulphite .solu- 
tion in which the phenanthraquinone dissolves, 
and the filtrate poured into a .solution of 
potassium dichromate in dilute sulphuric acid . 
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the precipitate is then washed, dried, and 
crystallised from alcohol or coal-tar hydro- 
carbons (Anschutz and Schultz, Annalen, 1879, 
196, 38). Or it may be made by oxidising 
purified phenanthrene with chromium trioxide 
in hot acetic acid solution and purified by means 
of the sodium bisulphite compound (Graebe, 
Annalen, 1873, 167, MO). 

"y - ■ 1 be obtained bypassing 
the ‘ . 1 1 ! , ■ < . ■ a current of 1 to 2 amp. 

per sq. in. through a suspension of phenanthrene 
in 20 p.c. sulphuric acid, "A 'ut 2 p.c. 

of cerium sulphate, at 4(‘ , -i ■ , Lucius 

and Bruning. D. R.-P. 152063 ; Eng. Pat. 19178 
of 1902). 

Proferties. — -It crystallises in tufts of long 
yellow needles, m.p. 205° (Graebe, l.c.), boils 
above 360° without decomposition, sublimes in 
orange-red prisms, but is odourless and non- 
volatile with steam. It is only very slightly 
soluble in water, but dissolves readily in hot 
alcohol, benzene, or acetic acid. With con- 
centrated sulphuric acid in the cold it gives a 
green solution, but if benzene containing 
thiophen bo present, the colour is bluish-green, 
and the liquid, when poured into water and 
shaken out with ether, gives to the ethereal 
solution a characteristic reddish- violet coloura- 
tion, the limit of sensitivenesH being reached 
with 0-0005 gram of ' ’ 'T p--.-’--"- 

Ber. 1875, 8, 224; ■' ■ ■ ■■ i ' ' 

2972). 

Reactions. — (1) Phonanthraquinone, unlike 
anthraquinone, dissolves in warm sodium 
bisulpliite solution,' and is readily reduced to the 
hydroquinone by warming it with sulphurous 
acid (Graebe, l.c.), or sulphuretted hydrogen, or 
■nhcnv''hvdrn7iup acetate (Schmidt and Kiimpf, 
‘19. :2, .“m, 3124). 

(2) When boiled f:. l y -.r-'-l 

it is reduced to i' ■ ■ ■■■■ 

and Edingemann, Onem. tfoc. irans. icuS, u3, 
770). 

(3) With hydroxylamine it forms a monoxime, 
golden-yellow needles, m.p. 158° (Meyer and 
Auwers, Ber. 1889, 22, 1989), and a dioxime, 
yellow prisms, ra.p. 202° (Meyer and Auwers, 
l.c. ; Schmidt and Soli, Ber. 1907, 40, 2456), 
apparently mthout the production of stereoiso- 
merides. The anhydride of the dioxime forms 
colourless needles, m.p. 186°-187° (Schmidt and 
Soli, I.C.). 

(4) Wit’' -.--p-y-v-.r;-.- it gives a hydraz- 

one, dark -i ■, ".p. 162°-163° (Zinoke, 

Ber. 1883, 16, 1664 ; Werner and Frey, Annalen, 
1902, 321, 304), but in the absence of a solvent 
the product is phenanthroxazine OanHi,©!? 
( Bamberger and Grob, Her. 1901, 34, 636). 

(5) When boiled with caustic potash solution 

it is converted into •’'—rf’''''':'-”'--? acid^ 

(Friedlaender, Ber. I"' ■, I2-), . 34; c/. 


(Grae , ' ■ 

zinc . 

(Kneacn, 1j. li.-r. 


„ i ri _ rr /-j ■y.-Trarj _ n 


iDXiJOi. ui 

.. .. ; .i. ijaiier (Ber, 


190 .''), 


temperature. 


y at the ordinary 


Schmidt and Bauer, ibid. 1905, 38, 3757), or with 
caustic alkali solution and permanganate into 
diphenyleneJcetone (Ansohiitz and Japp, ibid. 
1878, 11, 211), but when boiled with methyl 
alcoholic potash it gives diphenic acid (Moyer 
and Spengler, ibid. 1905, 38, 443), or' with 
alcoholic potash diphenic acid (Ansohiitz and 
Sohidtz, Annalen, 1879, 196, 49) and an orange- 
coloured lactone CnjHgOs, m.p. 220°-221° 
(Moyer and Spengler, l.c.). 

(6) When distilled with soda-Hme it yields 
diphenyl (Graebe, l.c.), but with caustic lime the 
products are diphenyleneJcetone, fiuorene alcohol, 
and a small quantity of fiuorene (Ansohiitz and 
Schultz, l.c.). 

(7) With phenols, by prolonged boiling with 
acetic acid and sodium acetate, it yields additive 
products which are crystalline and either colour- 
less or yellow (Deichler, D. R.-P. 109344 of 1898). 

(8) It forms condensation products with 

many substances, some of which have been 
introduced dyAc.+.-.ff.;., probably have no 
technical I 'i." example, it has been 

condensed TOth arylhydrazinesulphonio acids. 
(Akt. f. Anilinfab. D. R.-P. 40745 ; Eng. Pat. 
6688 of 1887) ; with mono- alkyl- (or axjl-)ortlio- 
phenylenediamines (Bad. AnUin- u. Soda-Fab. 
D. R.-P. 90212 ; Eng. Pat. 15963 of 1896), or 
1 ; 2- or 2 : 3-diaminoanthraquinone (Bayer & 
Co. B. R.-P. 170662 of 1904 ; cf. SchoE and 
Ka('''er, Ber. 1904, 37, 4632) forming azines ; 
with dialkyl - p - " y’ :■ - ■ ■ ■ r’"’' ■ r 'c 

acids forming b /■■■■■ , l». ll.-i*. 

126963 of 1901) ; and with {j-amino-m-hydro^- 

forming blue ozazines (Fries, 
i3-:i:)of 1901). 

*Bromo derivatives (c/. Schmidt, Bor. 1904, 
37, 3561). When bromine is added to phonan- 
thraquinone, mixed with sufficient water to 
form a paste at 0°, a dibromide OnIlBOgBra is 
formed, m.p. 98° (Schmidt and Junghaus, ibid. 

uriii'Aii. boiled with water, reverts 

■■ ■■ y ' . T’ e ;■ ii .r p - 1 J 

. -L _ .» y , ; ,, . ^ 

needles, m.p. 233°, is bettor pjrepared by 
brominating the quinono under pressure at 
100° {ibid. 3358). By further bromination 
at 160°-100° 2 : 

llOGfllc? Ill T) i' ' '■.'•I I 

Nit'ro derivatives (c/. Schmidt, Ber. 1903, 36, 
3726). When phenantlira quinono is boiled with 
concentrated nitric acid for 2 minutes it is con- 
verted into a mixture of ■ 

quinone, golden yellow scales, ■ 

(Anschiitz and Schultz, Ber. 1876, 9, 1404 ; 
Schmidt and Austin, ibid. 1903, 36, 37.31), and 
. yellow needles, m.]). 

■■ ■ y .■ . , . Kampf, ibid. 3734). 

The a orange needles, 

m.p. "V ■ , ■' '■ an 3-nitrophenan- 

tlirono by oxidation (Schmidt and Kiimpf, Btsr. 
1902, .35, 3119) or from o v-,-- ) -..-..--)-,.-,. 
(Austin, Chom. Soc. Tran: . !■' 4 r-- 

from 9 : 10-diaminophcnanthreno (Schmidt and 
Soil, Ber. 1908, 41, 3684) by nitration. 

if phonanthraquinone bo further nitrated, 
the prodncLs arc 2 : 7 ■-’a-'.. 
yellow needles, ra.p. 3 ■■ ;."3 .■■■ ' ■ , 

1873, 167, 144 ; Schmidt and Kamj)f, 33cr. 1902, 
35, .3122 ; 1903, 36, 3738), and 4 : rj-dinilrn- 

; ’ " ■ ■ • ■ ' ’ ’’■"■■"'noodles, m.|), 

■'■;■■ ■ ' ■ h ■■ ; . ■ ■■ ■!;■ )). 
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Amino derivatives. ■■ ■ 

owe, violet needles, m.]; . ■ i! 

Annalen, 1902, 321, 338); “i, - -f * t -'’ 
quinone, dark red needles, i . ' ■ , ' i ‘ ■, 

l. c. ; Schmidt and Soil, Ber. 1908, 41, 3694) ; 
2 ; i-diaoninophenantliraquinone, violet needles, 

m. p. above 310° (Anschiitz and Meyer, Ber. 
1885, 18, 1944); and ^-diaminophenanihra- 
qninoue, mdistinct crystals, m.p. 235°, which, 
like 1 : 8-diaminonaphthalcne, does not form 
condensation products (Schmidt and Kampf, 
ibid. 1903, 36, 3750), have been described. 

Hydroxy derivatives. The amino- and 
diamino-phenanthraquinones can be diazotised 
without difficulty, forming the corresponding 

— .. Werner, Annalen, 

I ■■ 2. "p'.l: . 1.1 ■; ■' lidt and Kampf, l.c. ; 

Schmidt and Leipprand, Ber. 1905, 38, 3733). 
Omng to its relationship to morphine, and the 
resemblance of some of its properties to those 
of alizarin, the most interesting of these is : 

Mort)holquinone (3 : 4:-dihydroxypltenanthra- 
quinom). This quinone has been obtained from 
diacetylmoriffiol by oxidation, followed by 
deacetylation ( Vongerichten, Ber. 1899, 32, 
1521), and from 3-hydroxyphenanthrene by 
nitration, reduction, and diazotisation (Schmidt 
and Soli, ibid. 1908, 41, 3699). It forms 
yellowish- brown needles; gives a diacetate, 
yellow needles, m.p. 196° ; and, unlike its iso- 
merides and its ihonomothyl ether, but like 
alizarin {q.v.), forms lakes which with aluminium 
salts are blue, and with chromium salts deep 
violet in colour 'Yor l.c.). On 
oxidation it yields p"''; di , 

Diphenyl Derivatives. 

Diphenic acid {diphmyl-2 : 2’ -dicarboxylio 
acid). 

/\ Erom the formula of the hydro- 

1 Irin r-T *” ’ " ‘'xistence of 

15 , i . acids can 

A bo predicted, but the acids actually 
-o. Imown number only about one- 
I ,|UU 2 tl of these, and of them diphenic 

\/ acid alone requires description in 

thi.s article. Diphenic acid is closely related to 
phenanthraquinone ; it was first obtained from 
this substance by oxidation (Pittig and Oster- 
mayer, Annalen, 1873, 166, 367), and its chloride, 
on reduction with zinc and hydrochloric acid, 
forms 9 : 10-dihydroxyphenantliraquinone or its 
oxidation product — phenanthraquinone (Gracbe 
and Aubin, Annalen, 1888, 247, 268). 

CoKpCOCl CfiKpCO CoRpCOaH 

I I [ -> I 

OflHpCOCl CjIpCO 
Preparation. — A solution of phenanthraquin- 
ono (1 part) in sulphuric acid (6 parts) is poured 
slowly with constant stirring into a solution of 
potassium dichromato (4 parts) in water (10 
parts), whereby the quinone is precipitated in a 
line state of division. The. heat of dilution of 
the sulphuric acid is sufficient to .start the 
oxidation, and the reaction is cnmjjleted I)y 
boiling the mixture vigorously during 4 houi-s in 
a reflux apparatus ; the acid being extracted 
from the precipitate ])y sodium carbonate 
solution (Gotz, Monai.sh. 1902, 23, 27 ; Gracbe 
and Aubin, Z.c. ; Schmitz, Annalen, 1878, 193, 
116). Diphenic acid also can bo obtained 


by boiling phenanthraquinone -with aqueous 
or alcoholic potash (hnschiitz and Schultz, 
Annalen, 1879, 196, 49 ; Meyer and Spongier, 
Ber. 1905, 38, 443). 

Properties . — It crystallises in scales or mono- 
clinic prisms, m.p. 228°-229° (Sclmltz, Annalen, 
1880, 203, 97), sublimes in needles, i.s moderately 
soluble in hot Avater, and dissolvc.s readily in 
alcohol or ether. Dehydrating agents convert 
it into the anhydride ; but, AAfficn heated with 
camstic lime, it forms diphenylenclcetone {cf. 
Sehmitz, l.c. ; Kerp, Bor. 1896, 29, 228), or 
Avith slaked lime or soda-limo, diphenyl (Anschiitz 
and Schultz, l.c.). 

Derivatives . — The barium, BaA,4H.20, cal- 
ciwn, CaA,2-pi.jO, and magnesium, lVIgA,4H20, 
salte are crystalline (Fittig and O.stermaycr, l.c.). 
The dimethyl e.ster, conveniently ])rc]Aared from 
methyl o-iodobenzoate and cop}Aer poAvder 
(Ullmann, Annalen, 1904, 322, 70), forms mono- 
clinic pri.sms, m.p. 74-5° (Schultz, l.c.), and the 
diethyl e.ster, cubes, m.p. 42° (Hummel, Annalen, 
1878, i93, 129). The chloride is crystalline, 
m.p. 93°-94° (Gracbe and Aubin, l.c .) ; the 
anhydride forms needles, m.p. 217° (Anschiitz, 
Ber. 1877, 10, 1184; Gracbe ami Mensching, 
ihid. 1880, 13, 1302; Gracbe and Aubin, he.) ; 
and the imide, needles, m.p. 219°-220° (Graelie 
and Aubin, l.c . ; Wegerhoff, Annalen, 1889, 252, 

I 16 ). 

4 : 4'-Diainmodiphenyl-2 : 2'-d[icarboxylic acid 
{m-diaminodiphenic acid) is obtained by boiling 
■ ; ’ ■ ‘ ai'M ";h concentrated hydro- 

. ' ■ . I 1884, 7, 1069); or, 

mixed with the 4 : 2'-dicarboxyIio acid, by 
reducing m-nitrobenzoic acid Avitli zinc dust and 
caustic soda, afterwards extracting the jiroduct 
Avith hydrochloric acid (Moister, Lucius ami 
Briining, D. R.-P. 69541 of 1892) ; or by reducing 
4 : 4'-dimtrodiphenic acid (producible from 2 : 7- 
dinitrophenanthra quinone by oxidation) with 
tin and hydrochloric acid (Struve, Ber. 1877, 
10, 76 ; Schultz, l.c.). 

Properties. — The acid, HaAjlJH.^O, forms 
needles, sparingly soluble in Avater or alcohol, 

solu i , . ■ ■ ■ , 

it yield- d' Avhen the barium 

salt is i . „ ■ s obtained. From the 

tetrazo compound disazo dyes have been made 
(Paul, D. R.-P. 41819 of 1886; Eng. Pat. 
8296 of 1887 ; Boyer and Kegel, D. R.-P. 
44089; 44161 of 1887); but not being direct 
cotton dyes, they have no technical value. In 
this respect the di.sazo dyes from this source 
differ from those produced by coupling diazotised 
4 : 4'-diaminodiphenyl-3 : 3'-dicar boxy lie 
acid (o-diaminodiphenic acid) Avith the .same 
naphthylamine- or 1 ’ ’ ’ ’ ; • • ■ , ^ 

AA'hich are direct cc 
longer of any value ( ; '■ , . 

D. R.-P. 43524 of 1886; 54662 ; Eng. Pat. 
9676 of 1890). W. P. W. 

PHENANTHRONAPHTHAZINE u. Azmiss. 

PHENANTHROPHENAZINE v. Aztnes. 

PHENAZINE V. Azines. 

PHENEGEL v. Synthetic i)Koa.s. 
y)-PHENETIDINE ' “ •' ■ ■ ’ ' })g 

obtained by the actii ■ . ilphuric, 

or hydrochloric acirl, on -pA'-— 

(Bamberger and Lagutt, i ■. 3') !., 

It may he prepared by adding 212 grams 
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/j-nitropheuetole gradually to a solution of 848 
grams of stannous chloride in lOGO of hydro- 
chloric acid at 50°-60°. It is then precipitated 
from solution as the hydrocldoride by the 
addition of concentrated hydrocliloric acid 
(Paul, Zeitsch. angow. Chem. 1896, 587). 

23-Phenetidine may also be prepared by treat- 

in' with tin and hydrochloric acid 

(!'. ... i’. ; or by heating benzylidene-p- 

aminophenol with ethyl Inomicle and alcoholic 
sodium hydroxide for 3 hour.?. The product is 
then warmed with acid when p-phenotidino 
.separates (D. R. P. 69006). 

p-Phenetidine is a liquid, b.p. 2G4-2°-254-7°, 
m.p. 2-4° (Schneider, Zeitsch. physikal. Chem. 
1896, 19, 155). When heated with hydrogen 
peroxide and dilute sulijhurio acid, it yields a 
brown colouring matter CgiUaaNaOr,, but when 
oxidised in the cold with a permanganate it 
yields quinono, carbon dioxide, acetic and oxalic 
acids, .and resinous .sub.stances (Kinzel, Arch. 
Pharm. 229, 329). When to an alcoludic solu- 
tion, 5 c.c. of a potas.siunr iodide solution arc 
added and the mixture is heated, a rose-red colour 
is formed (Goldmunn, Pharm. Zeit. 1893, 36, 
208). For the detection of phenetidine in urine 
.s'cc Edlelsen, Chem. Zentr. 1900, i. 573. 

f-Phanetidim fsidphonic cioid is prepared by 
heating the hydrogen sulphate of the base (jr 
by boiling p-nitrophonetole with sotlium hydro- 
gen sulphite. It forms readily crystalline 
sodium salts, and may bo diazotised and joined 
with ^-naphthol, thus obtaining tiro azo- com- 
pounds which with barium and aluminium 
hydroxides f<jrm red lakciS of groat briilianoy and 
fastness (I). R. P. 146055 ; see also D. l-l. P. 
189469). p-Pheuotidino sulphonic acid may also 
be obtained by heating phoiietidino with fuming 
sulphuric acid (Eng. Pat. 14375, 1897 ; see 
also Cohn, Annalen, 1899, 309, 234; Paul, l.c.), 
Ethi/l sulplione pJieneiuKne 

Et0-C„H4-NHB02-C!2l-It; 
is obtained by the action f *’ i ' 1 ■ d ■ ’ 1 

on p-phenetidine. It i ■ ■ 

leaflets, m.p. SO^-SP, and acts as a monobasic 
acid, forming woll-cryHtalli.sod salts which may 
lie employed in medicine as they hiivo anti- 
neuralgic, antipyretic, sediitivo and hypnotic 
properties (Autonrieth and Bernheim, Arch. 
Pharm. 1904, 242, 579). Similar aromatic 
flulpho derivatives, also employed in medicine, 
have been prepared (Eng. Pat. 3791, 1896), 

By the interaction of p-phonetidine ami its 
homologues with ethyl orthoforraato, com- 
pounds are formed of the typo of methonyldi-p- 
phenotidine, which possess aua^sthetio properties 
(Gohlschmidt, Chem. Zeit. 1902, 26, 743; J. Soc. 
Chora. Ind. 1890, 650). 

The following derivatives of p-phenetidino 
also have medicinal properties : — 

Idle dlrcdes, tartrates, and manddates pre- 
pared by mixing the theoretical quantities of 
the acid and base dissolved in suitable .solvents 
. (Eng. Pat. 11288, 1895).^ 

'ictopluinin) is prepared 
by ■ ■ ■ ■ . p-phenetidine with 

lactic acid (Eng. I'at. J9188, 1894; see. also 
Eng. Pat. 29869, 1896). It forms colourless 
prisms. 4’ho diacetate of p-phanclidine, m.ii. 
55°-56°, b.p. 182°/] 2 mm. is obtained by heating 
phenacetin {p-plicnetidinc mmioacetaie) with a 


large excess of acetic anhydride (D. R. P. 75611 ; 
Bistrzycld and Ulliers, Ber. 1898, 31, 2788; 
Cohn, ibid. 1899, 32, 2239). Benzyl-^-pheneti- 
dine, m.p, 45°-46°, obtained by heating benzyl 
cldoride r . form.s crystalline 

plates (' ■. ■ ■ Zeit. 19, 1753 ; 

Wedekind and Frohlich, Ber. 1907, 40, 1001). 
Ethoxy pheyiyloxairbide. (CO),(NH-C„H 4 -OEt)o by 
heating acid---'’ V 

to 140° . I thin . ■ 2 

(Wenghofier, l.c.). 

Amygdalyl phenetidine by heating p-pheneti 
dine mandelate to 170°, forms shining white 
plates, m.p. 140-5° (Wenghoffer, l.c.). Ethyl 
fi-phemldyl crotonate obtained by condensing 
p-pheneti{line with ethyl acotoacotato, forms, 

■ ' ■ ' ’ ■ ■ 1' . ' 225°-240°, p-ethoxy-y- 

. ; ■ ■ : = ;-NCOHpO(OH)-6H, 

which ha,s powerful antipyretic . properties 
(Wcngholfer, ^ l.c.). Ealicyl -p - phenetidene 

{Saliphen), m.p. 142°-] 43°, is prepared by 
heating the constituents with pho.sphorus 
oxychloride ; its aceto derivative has m.p. 92° 
(O.S. Pats. 706355, 706356, 1902; Bolozzi, 
Gazz. chim. ita,l. 1898, 28, ii. 197). Also amino 
a.cet-p-phenetidine {Phenocoll), valeryl-p-phene- 
tidine (Sednfin), ■ ■ ■? . and the 

furfural, propion id aceto- 

sulphonic derivatives (J. Boo. Chem. Ind. 1898, 
726 ; Eng. Pat. 14954, 1896 ; 4565, 1905). 

For the halogen derivatives, see Staedel 
(Annalen, 1883, 217, 55); Roverdin (Bor. 
1896, 29, 2595) ; Roverdin and During [ibid. 
1899, 32, 152) ; Grothe (Arch. Pharm. 1900, 
238, 587, 600). Nitro derivatives are described 
by Wender (Gazz. chim. ital. 19, 218) ; Auten- 
roith and Hinsberg (Arch. Pharm. 229, 456) ; 
Blank.sma (Roc. trav. chim. 1905, 24, 40). 

For other derivatives, -see Boettinger (Arch. 
Pharm. 1896, 234, 158); Wirths {ibid. 620); 
Moves (J. pr. Chem. 1900, [ii.] 61, 449); 
VorliLnder (Annalen, 1897, 294, 273, 302) ; 
Bisoholf (Ber. 1898, 31, 3241, 3248); Par- 
thoil and Schumacher {ibid. 591) ; Sachs and 
Levy {ibid. 1904, 37, 874) ; Sohroeter {ibid. 

1905, 38, 3181) ; Bischoff and Frohlich {ibid. 

1906, 39, 3976); Erlenmeyer {ibid. 791); 
Goldschmidt (Chem. Zeit. 1901, 25, 178); 
Luraiercand Barbier (Bull. Soc. chim. 1906, fiii.] 
35, 123) ; Fourneau (J. Pharm. Chim. 1910, 
[vii.] 1, 97). 

o-Phenetidine is produced as a by-product 
in the formati(m of the para- compound. 

PHENETOLE (J„He-0-CoH„. 

Preparation . — Phcnetolc can bo oljtained Ijy 
luxating potassium phenatc with ethyl iodide 
(Cahours, Ann. Chim. Phys. [hi.] 27; 463), or by 
heating a mixtun^ of equal parts of iihonol air'd 
plio.sphorus pentoxidc at 200° ami gradually 
adding alcoiiol (Ivastropp, Ber. 1877, 10, 1685). It 
is prepared by luxating molecular proportions of 
crude (jaleium or sodium sulpliovinate and 
sodium phenatc (prepared hy mixing molecular 
proportions of phcsiiol and aqueous caustic 
soda of sp.gr. 1-33) at 150° for some hours 
(KoUm;, ;r. pr. Chem. [ii.] 27, 424). 

It may also be prepartid by fusing pttrfccily 
dry sodium edhoxide with yxTfectly dry phony] 
sulf)honat(' (Moureu, J. Pharm. Chim. 1898, 8, 
211); hy tlu- action of sodium othoxido on 
triphcnyl phosphate (Morel, Cornpt. rend. 1899, 
128, 508) ; or by passing alcohol into a mixture of 
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phenol and /3-naphthalene sulplionate heated, 
to 120°-140° (D. R.-P. 76574 ; Erdl. iv. 18). 

Properties. — It is a oolourle.ss, aroinatic 
liquid, insohxble in water, hut soluble in alcohol 
or ether. It boils at 172° (Cahours), at 
171-5°-172-5° at 762-4 mm. (Schiff, Annalcn, 
1883, 220, 105), and melts at — 33-5°. 

When phonotole is heated with sulphuric 
acid or left to stand at ordinary temperatures, 
j)-phenetole sulplionic acid, together with a little 
of the meta-aeid separates (Slioher and Bowers, 
Amor. Chom. J. 1901, 25, 69). 

Other sulphur compounds of phenetolc are 
described by G-attermann, Bcr. 1899, 32, 1136; 
Taboury, Bull. Soc. chim. 1905, [iii.] 33, 836 ; 
Smiles and Rossignol, Chem. Soc. Trans. 1908, 
756. 

Alhjl pheneioks are obtained by treating a 
mixture of iodophenctole and ethyl iodide with 
sodium in benzene solution (Jannasch and 
Hinrichson, Ber. 1898, 31, 1824). 

7 7-7 .7. -■■^•ilionic acid, 
C 2 H 3 ■ ' i ' is prepared 

by oxxuiziug tne uye ■' ■ ' ■ • O’ with 

cold aqueous perraanga , • i' . 1431, 
1898). It forms orango-coloured microscopic 
crystals sparingly soluble in cold, readily in hot 
water. 

By reacting with amino compounds a series 
of phonotole azo-mothineazo dyes have been 
prepared (Green and Sen, Chom. Soc. Trans. 
1910, 2242 ; v. also Azo-dybs). 

Phenetola azo-phenols have been prepa-d 
by Jacobson and Meyer (Annalcn, 1895, 287, 
212) ; Hewitt, Moore, and Pitt (Ber. 1898, .31, 
2114; Chem. Soc. Proo. 1897, 157); v. also 
Naegali (Bull. Soc. ohim. 1894, [hi.] 11, 897). 

Tiro following derivatives have also been 
prepared : — 

Halogen plienetoles (Autenrieth, Arch. Pharm. 

1895, 233, 26 ; Bentley, Haworth, and Perkin, 
Chora. Soc. Trans. 1896, 165 ; Reverdin, Ber. 

1896, 29, 2595 ; Jannasch and Naphtali, Ber. 
1898, 31, 1714; Grignard, Compt. rend. 1904, 
138, 1048 ; Autenrieth and Miihlinghaus, Bcr. 
1906, 39, 4098 ; Bonneaud, Bull. Soc. Ohim. 
1910, [iv.] 7. 776). 

p-Iodohi/droxy pJienetole oxplodea at 225° and 
has strong oxidising and antiseptic properties 
(D. R. P. 161725). 

Nitro-phonetoles (Lobry do Bruyn, Rec. trav. 
chim. 13, 101 ; Blanksraa, ibid. 1904, 23, 119 ; 
ibid. 1905, 24, 40 ; ibid. 1908, 27, 49 ; Paul, 
Zoitsoh. angew. Chem. 1896, 587 ; Jacobson and 
Honigsberger, Bor. 1903, 36, 4124 ; Blanlcsma, 
Proc. k. Akad. Wetensch. Amsterdam, 1908, 10, 
509 ; Chem. Weekblad, 1908, 5, 789). 

’ - '7 - i. ICalhano 
Am , ; .! .son and 

Gallivan, ibid. 1898, 20, 179 ; Jackson and 
Eiske, ibid. 1903, 30, 53 ; Reverdin, l.c.), 
Nitroso plienetoles (Rising, Ber. 1904, 37, 43). 

Phenetole also forms e-'-’pwn'd-- -"-ith tel- 
lurium chloride and xvith riui-. -'i;”--:, Ber. 

1897, 30, 2828 ; Kunckell, ibid. 1895, 28, 609). 
Eor some other derivatives of phenetole v. 

Tust and Gattermann (Ber. 1892, 25, 3528 ) ; 
Pechman and Wedekind (ibid. 1895, 28, 1088) ; 
Wiochell, Annalen, 1894, 279, 337 ; Bzierz- 
gowski (J. Russ. Phys. Chem. Soc. 25, 275) ; 
Trogor and Volkmer (J. pr. Chom. 1905, [ii.] 71, 
236) ; Troger and Vasterling (ibid. 72, 323). 


PHENOCOLL V . Synthetic ebugs. 
PHENOCYANINES v . Oxazinh coloxtbing 

MA-TTBES. 

PHENOL AND ITS HOMOLOOUES. When 
a hydroxyl group enters into the molecule of 
an aromatic hydrocarbon it can do so by re- 
placing ( 1 ) a hydrogen atom of the nucleus or 
(2) a hydrogen atom of a side chain. The iso- 
meric substances thus produced possess, how- 
ever, very different properties, for, whereas the 
compound ( 2 ) is in all respects analogous to the 
aliphatic alcohols, the compound ( 1 ) exhibits 
properties which serve to distinguish it entirely 
from the members of the aliphatic series. 
C 8 H,( 0 H)CH 3 C 6 H 3 -CH 3 ( 0 H) 

(1) (2) 

The members of group (1) are therefore classed 
by themselves, and since the simplest repre- 
sentative of the series, CgHg-OH, which is pro- 
duced by the substitution of one hydrogen atom 
of benzene by hydroxyl, is called phenol, all 
members of the group are known under the 
general name of phenols. 

Nomenclature. According as one, two, three, 
four, and so forth, hydroxyl groups enter the 
benzene nucleus, the phenols are termed mono- 
hydric, dihydric. trihydric, totrahydric phenols 
respectively. Their scientific names may, in 
every instance, he referred to the parent hydro- 
carbon, but in many cases, especially as regards 
the older members of the series, they are generally 
known by trivial names which are derived from 
their mode of origin. Thus 1'3 
zeno is termed resorcinol fn - ; • 

to orcinol ; 1-2-3-trihydroxybenzene iS’ known as 
pyrogallol because it was originally prepared 
by t& distillation of gallic acid. The phenols 
possess the general formula 

OJ-l 2 „-,(OH) or 

The Monohydric Phenols. The simplest 
members of the series frequently occur among 
the products of the dry distillation of organic 
compounds containing oxygen, and therefore 
phenol, and the cresols occur in coal tar. They 
may be prepared synthetically by the following 
processes : — 

(1) The fusion of a sulphonic acid with 
potassium hydroxide ; thus phenol (potassium 
salt) is formed from potassium benzene sul- 
phonate in accordance with the equation — 
C„Hb-S 03 K-|- 2 K 0 H 

C«H3-OK-|-K3S0.3+H30 

(2) By treating a diazonium salt of an 
amine with hot water ; aniline can bo con- 
verted into phenol thus — 

CnHgNH., C 6 HcN„C 1 -|-H .,0 

^ GaHB-OH+Ng+HCl 

The " 7 ’' 7 ' 7 + +!.„ halogen derivatives 

of the 1 : ■ ■ ■ which have the 

haloger . ■ . ■ ■ ■ 1 ■ ed to the carbon 

atoms of the nucleus, prohibits the formation of 
phenols by the method usually adopted for the 
preparation of the aliphatic alcohols, namely 
by the interaction of halogen derivatives of the 
hydrocarbon and alkaline hydroxides. If, how- 
ever, a nitro grouj) is present in the aromatic 
nucleus, the halogen atom, provided that it is 
in the ortho- or para- position to the negative 
group, is readily displaced by hydroxyl thus — 
OJ-l 4 (NOa)Br-l-KOH C 6 H,(NO„)OH-|-KBr 
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A nitro group in the meta- xjositioii has no effoct 
on the inactivity of the halogen atom. 

(3) Phenols may also bo prepared by 
eliminating the oarboxjT group from aromatic 
hydroxy acids. 

G8H,(0H)(C0,H) CfiH,.(0H)+C02 

General properiiefi. The i^henols differ from 
the aliphatic alcohols in their ca^jaeity for 
forming salts with alkali metals. The corre- 
sponding compounds of the aliphatic alcohols, 
for example sodium ethoxide, are readil 3 ' and 
completely dissociated by water, yielding free 
alkali and the alcohol, 

OaHg-ONa-l-l-LO GJig-OH-f NaOH 
whereas a sodium phenolato or phenato Cell g-ONa 
dissolves in water without change. The phenols 
are therefore acid siibstances which dissolve in 
aqueous caustic alkalis forming a solution of 
the salt from which acids reprecipitate the free 
phenol. The simpler pherrols arc not, however, 
acids sufficiently strong to decorapiose carbon- 
ates, but they acquire this property when 
negative groups are present in the benzene 
nucleus; thus picric acid dissolves in aqueous 
alkaline carbonates 


20 eH.,(NO„)3OH+Na.,CO3 

“ 2aoH2(N02)30Na+H30 + C03. 

The phenols are therefore woak acids and 
their alkali salts, which aro alkaline to litmus, 
arc readily decomposed by carbonic acid. The 
action of alkyl iodides on the j)honolates yields 
the xffionol etWs, of which anisole, G 8 H 5 (OGH 3 ), 
and phonotole, CbHc(OC 2 H 5 ), are types 
C(jH 2'0Na-(-0H3l C(jl"lB’OGH3-j-NaI 

The faintly acid character of phenol is illus- 
trated by the behaviour of thc.se compounds 
since they ■ ' ’ i 1 ■ ^ 1 by alkalis, and aro 

therefore i , . in their projiGrties 

to the others than to the ethereal salts. The 
hydroxy] group in 1 1m plumols is readily displaced 
by hydrogen by disi illai.ioii wiili zinc dust and 
also by the action of phosphorus trisulphido. 
It is di.s])laced })y halogens through the agency 
of phosphorus pentabroinido or chloride, and by 
the amino group by heating with zinc ammonium 
chloride or similar salts. The replacement of 
the hydrogen atoms of tlui nucleus takes place 
with I'cmarkahlc roa(line.ss, and the entrance of 
halogen aloms, as well as of nitroso, nitro, sul- 
phonic acid, and azo groups, into the molecule 
of the lihonols can be edlcctcd with groat ca,sc. 

The phenols aro charaettirised by certain 
colour reactions which maj'- bo ascribed to the 
tendency they possess to react in the tauto- 
meric forms — 


OH 

Gh/'''^G-OH 

b'H 


and 


GH 3 

gh/'yjo 
ohJ Jgh 

GH 


Thus well-deffncfl colourations are usually 
produced by ferric chloride. Oilier colour re- 
actions arc shown by cer' " ‘ ” 

example, .sulphuric acid ■■ , , . : . 

acid gives a characteristic colour with manj’- 
phenols ; this reaction is the ba.siH of 
Licbermarm’s nitroso reaction. T.’heiiols, having 
free para positions when fused wiih pblludic 
anhydride in the ]ire.scnco of a dchydraf.ing 
agent, yield phthaleins which dis, solve in alkali, 
VoL. IV.— y. 


forming strongly coloured solutions. The 
lihonols also combine with diazonium .salts 
yielding coloured oxyazo compounds. 

The oxidation of the phenols lcad.s to a variety 
of products, some produced by the fission of the 
aromatic ring, as when phenol is converted into 
oxalic acid by potassium permanganate (Hen- 
riques. Her. 1888, 21, 1G19), but more often 
leading to derivatives of diphenyl by the joining 
up of two benzene nnclci. The reduction of 
the phenols could not be effected until Sabatier 
and Seuderens introduced their process of reduc- 
tion by the aid of nickel at high temperatures. 
At the present time, practically all the better 
known phenols have been reduced by this 
method to the corresponding derivatives of 
cycZo-hexanol. An example may be given in 
phenol itself whicli, when its vapour mixed 
with hydrogen is passed over nickel heated at 
215°-230°, is reduced to cycZo-hexanol. At 
the same time, some c^eZo-hexanoiio is pro- 
duced by loss of hydrogen. The mixed product 
may be either wholly converted into the alcohol 
by passing it again over nickel at a lower 
temperature, using a large excess of hydrogen, 
or into the ketone by - vapour 

without hydrogen over it 330° 

(compare Compt. rend. ' '■ :-f; 138, 

457, 1267; Brunei, ihid. 137, 1208). 




> 01-1 


(Phenyl.) 


OH 3 

OHa/'bOHOI-I 
CI-I3I ICIla 

Gl-la 

(c2/cZe-Hexanol.) 


CH 3 

OHo/^CO 
ChI iOHa 

063 

{cyclo Hexanone.) 


Phenol (Carbolic acid, hydroxybenzene). 
Phenol was discovered hj^ Bunge in 1834 (Pogg. 
Ann. 1834, 31, 60 ; 32, 308) among the products 
formed by the distillation of coal tar, and was 
subsequently obtained in a crystalline condition 
by Laurent (Annalcn, 1842, 43, 200). The 
preparation of phenol from coal tar is described 
in the article on carbolic acid (q.v.) ; considerable 
quantities aro made syntliotically by tlic fusion 
of potassium benzene sulxihonate with caustic 
potasli in accordance witii the general method 
already mentioned (1). The purification of 
phenol can be effected liy taking advantage of 
the formation of a cry.stallino hydrate of the 
formula CaHiiOH+HBO (m.p. +iG°). 

Phenol boils at 183° and solidifies to a mass 
of largo colourless prismatic crystals possessing 
a characteristic smell. The addition of a small 
quantity of water to solid phenol causes it to 
liquefy, since there is formed a solution of water 
in phenol which is known as ‘ acidum carbolicum 
liquefactum.’ At the ordinary temperature, 
about 1 part of water dissolves in 3 parts of 
plumol. When more water is added an oil 
separates wiiich ultimately dissolves, yielding a 
solution of phenol in water ; at the ordinary 
temperature!, 1 part of phenol is soluble in 15 
parts of water. Idionol i.s a strong poison, and 
in its pure condition, or in the form of its con- 
criiitratcd solution, quickly corrodes the skin. 
It is a powerful a.septic ami is employed for this 
purpose inthefor’'' iff., 3 p.e. 1..... 

Phenol is used i' I!;.' 0 :: 

purposes ; thus it is employed in the prepara- 
tion of .salicylic acid ■ 'i ■’ ~ 1 . as well as 

for the xwoduction of ■ ; it is also 

N 


PHENOL AND ITS HOMOLOGUES. 

^ nf manv colouring matters. The melts at 49° ; asym-m-xyZemoZ (1 : 3-dimethyl-4- 

nrp^pnop of ulienol (in the absence of other hydroxybenzene), melts at 25° and bods at 
pxe&en p . bv the 209°! mm.-m-xiiLanol H : S-dimethvl-.fi-hvdroxV' 


fnembex. of tiirsTries) may bo detected by the 
violet colour which is produced by ferno chloride, 
but a more delicate test is to add bromine water to 


209° ; aym-m-xylenol (1 : 3-dimethyl-6-hydroxy- 
benzene), melts at 03° and boils at 218° ; 
p-xylennl (1:4- dimethyl - 2 - hydroxybenzene), 


•xn aaueous solution of the substance, when even melts at 75° and boils at 209°. The three more 
in v‘prv dilute solution a flocculeiit pale yellowpre- important trimethylhydroxybenzenes are : mesi- ^ 
einitate of tribromphenol, OsHaBr 3 (OH), mixed tol (1:3: 6-trimethyl-2-hydroxybenzene), melting 

with tribromphenol bromide, OsHaBra-OBr, is at - 79 7'° - d ’ ■ ,'219-.7°: ,. eudocumenol 

once formed ^ .whichmelts 

The esters of phenol. Phenyl hydrogen sul- > . ■ . : 2.; > , ■ . hemellUhenol 

t! H.-0-S0,0H. is formed as the potas- (1 2 : 3-trimethyl-5-hydroxybenzene), melting at 
slum' salt Vhen "a concentrated solution of 81°. Pre/iraifexioZ is 1 : 2 : 3 : 4-tetramethyl-5-liy- 
■potassium phenolate is treated with potassium droxybenzene ; it melts at 86°-87° and boils at 
pvrosulphate. The salt crystallises from alcohol 266°. Durenol, which is 1:2:4: 5-tetramethyl- 
m «Tmll o-listeninu leaflets which dissolve in 3-hydroxybenzene, melts at 117° and bods at 
7 paSrof water 15°. It is stable towards 249°-250°. 

alkalis but is at once decomposed by acids into Two important substances are includetl 
phenol and acid potassium sulphate. The free among the higher phenols, namely carvacrol 
acid is unstable both in alcoholic and in aqueous and thymol. These compounds occur naturally 
solution. Potassium phenyl sulphate is of in many ethereal oils and are related to the 
some physiological importance since it is in this terpenes and camphors. They are both mono- 
form that phenol, taken internally, is excreted, hydric phenols derived from cymene ( 1 -methyl- 
It occurs in small quantity in the normal urine 4-isopropylbenzeue), and since this hydrocarbon 
of men and do"s. Phenol methyl ether (anisole can only yield two jihenols, namely 
g.v.) OaHs-OCHs, is a pleasant-smelling liquid CHg CH 3 

boiling at 153-9° and melting at 37-8 • H /\ 

has sp.gr. 0-990 at 22°. Phenol ethyl ether 1 i^H , , 

(phenetole), OsHg— OOaHg, boils at 170-3 and \/ 

has sp.gr. 0-969 at 16°. ^ j i 1 I 

The cresols. The entrance of a hydroxyl CHs-GH-OHs OHa-OH-CHa 

group into the molecule of the hydrocarbon 


IH-OHs 


OHa-OH-CHa 

II. 


toluene can take place either in the side chain evident that one must be thymol and the 

or in the aromatic nucleus. In the tormer carvacrol. 

event the compound produced is, as already 


— ^ 1 ■+ The structure of the two compounds is 

mentioned, aliphatic in character and need not Py fact that when heated with 

bo considered here. It is ooIy_ when the hy- phosphorus pentoxide, carvacrol yields propy- 
droxyl group enters the aromatic nneieua that o-cresol ; its constitution is therefore 

the cresols are formed. It is evident that the represented by formula (L). Thymol, on the 
hydroxyl group can enter in three positions in hand, yields propylene and m-cresol undei- 

respect to the methyl group, and hence thore same conditions and must therefore have 
are three cresols whicu may be represented by structure represented by formida (II.). 
theformulse Carvacrol -.:y. 

GHg CHj OH3 benzene), occurs ■ ■ ... - - n 

/\^-rr /\ / \ hirtum and Satureja hortensis, and also in small 

I H 1 Iqpj- I 1 quantity in the oil of Thymus serpyllum. it 

\/ X/ X/ may be p-"'. :rrrl '7 ■f 'i ”7 by fusing sodium 

OH cymone -. ; . ■ ' iitic soda and can 

orf/io-Cresol. meto-Oresol. 2 ?am-Cresol. be extracted from the acidified product by means 
All three cresols occur in coal tar in relatively of ether. It is readily formed from its isomerido 
large quantities, although o-cresol is the only carvono, a constituent of cumin oil, either by 
member which is isolated, commercially, in a heating with caustic potash or by the action of 
pure condition. Both 0 - and p-cresol are pre- phosphoric acid, fi^he relation lietween these 
pared in a pure state from the corresponding substances is shown by the following formulm— 


are three cresols which may he represented by 
the formulse 


GHs 

(XOH 

X/ 


CH 3 

OH 3 

/\ 

/\ 

1 JOH 
\/ 

\/' 


OH 

meto-Oresol. 

2?am-Cresol. 


member which is isolated, commercially, in a 
pure condition. Both 0 - and p-cresol are pre- 
pared in a pure state from the corresponding 
toiuidines through the diazo reaction (method 2). 
«i-Gresol is usually derived from thymol by 
’i.-.- i! w:! h iT.o.-ph.'r-.:-' pentoxide. o-Gresol 
melts at 30° and 
boils at'l90-8°. m-Oresol (l-methyl-3-hy droxy- 
benzene), melts at 4° and boils at 202-8°. 
p-Cresol (l-;iixih;.l-1-liyd--..xyl;;':--.7..:--:i-), melts at 
36° and boils i-i 2')! -.S' y:. ( iii.-oi.).’ 

The six pos.sible xylenols (dimethylhy- 
droxybenzenes) have been prepared either 
from the corresponding xylidines or from the 


CH.3 

h 

oh/^co 


CHa : C-OH 3 
Carvoue. 


CHf^'^iO-OH 
CHI jCH 

xx 

G 

GH 3 -GH-CH 3 

Carvacrol. 


It is also derived from camphor by the action 


isomeric xylene sulpEonic acids by fusion of iodine. Carvacrol is a thick liquid which 
with potash: adj-o-xyhnol ( 1 : 2-dimethyl-3- boils at 237°; it solidifies when cooled and 
' elts at 73° and boils at melts at -]-0-5°. It gives a green oolouraiion 


; . (1 : 2-dimethyl-4-hydroxy- 

benzene), melts at 65° and boils at 222° ; adj- 
m-xylenol (1:3- dimethyl - 2 - hydroxybenzene), 


with ferric chloride in dilute alcoholic solution. 

Thymol ( I -methyl-4-isopropyl-3-hydroxyben- 
zene), occurs in the essential oils of the common 
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garden tliyme, Thymus vulgaris ; of Piychotis 
agowan ; and of horsemiiit, Monarda fimctata, 
as well as in tlie essential oil of Thymus setyyl- 
'Uum. It may be obtained by shaking oil of 
thyme with aqueous caustic soda, separating the 
undissolved terpenes, and acidifying the alkaUne 
^ extract with hydrochloric acid. The jorecipitated 
thymol is then recrystallised from acetic acid. 

Thymol forms large transparent crystals, 
soluble in 1100 parts of water at 16°. It is 
readily volatile mth steam, but the aqueous 
solution is not coloured by ferric cliloride. It 
melts at 50° and bods at 232°. It is a valuable 
aseptic and can, since it is less poisonous than 
phenol, be taken internally. When an aqueous 
solution of thymol is treated with a half part of 
acetic acid and then with one part of sulphuric 
acid and warmed, a red-violet colour is produced. 

A reaction by which certain higher mono- 
hydric phenols can be produced has been intro- 
duced by Liebermann (Ber. 1881, 14, 1842). It 
is carried out by treating aliphatic alcohols 
with phenol in the presence of zinc chloride. 
Thus ig-isobtitylphenol (d-iaobutyl-l-hydroxyben- 
zene) can be prepared by heating phenol QO 
parts), isobutyl alcohol (8 parts), and zinc 
chloride (24 parts) at 180°. It crystaUises in 
needles, melts at 97 and bods at 23ff°- 
238°. A similar reaction has been discovered 
by Konigs (Ber. 1890, 23, 3145), only in this 
case the olefinic hydrocarbons are treated with 
phenol in the presence of a mixture of one part 
concentrated sulphuric acid and nine parts of 
glacial acetic acid. The two reactions may he 
represented by the equations — 

(2) G5Hfj (jH-CgHg’Oll OH. 

The dihydric phenols. The formida of ben- 
zene permits of the existence of three iso- 
meric dihydroxy derivatives ; their names and 
formulaj are given below 


OH 

OH 

OH 

lOH 

/■""x 

d'-. 

1 1 

1 JoH 

\/ 

v/ 

OH 

1 : 2-Dihydroxy- 

1 ; 3-I)iliydroxy- 

1 : 4-Diliydroxy- 

benzeiie 

benzene 

bonzene 

(pyrocatechol). 

(resorcinol). 

(liydroquinone). 


As products of the decomposition of naturady 
occurring substances, these dihydric phenols 
have been known from the earliest times ; their 
orientation was first suggested by Petersen (Ber. 
1873, 0, 308 ; 1874, 7, 68). 

Pyrocatechol (1 : 2-dihydroxybenzene), was 
first obtained by Reinsch in 1839 (Ber. 
20, 301) by the dry distillation of catechin 
{Mimosa catechu). It is obtained by the dis- 
tiUation of catechins and is frequently prepared 
bjr the distUlation ol’ • ‘ -i’' ''- substances 

which give a green . ■ ' ■ » ■ ferric salts 

(Wagner, Annalen, 1850, 76, 351 ; Illoth, ibid. 
1859, 111, 216). It is, moreover, formed in the 
distillation of wood and is therefore jjresent in 
crude pyroligneous acid. 

Prppuraiion.. (1) Pyrocatechol can be made 
from its jnethyl ether, quaiacol, winch is the 
chief constituent of the fraction of beech wood 
tar which boils at 200°-206°. The hydrolysis 
can be effected and a yield of 70 p.c. obtained 
by the following process (Hartmann and Gatter- 
mann, Ber. 1892, 25, 3532). 16 grms. of guaia- ' 


col, cooled from without by ice, are gradually 
mixed with 12 grms. of aluminium chloride and 
then heated in an oil bath for 2 hours at 
210°. At the end of this time the product, 
which is a hard solid cake, is • removed from 
the flask, ground to powder and warmed with 
dilute hydrochloric acid, 1 ) 3 ^ winch process the 
soluble pyrocatechol is removed from unchanged 
guaiacol and resinous products. The aqueous 
extract is then saturated with common salt and 
the phenol extracted by ether. Pyrocatechol 
remains on evaporating the solvent and is 
purified by distillation. 

According to Perkin (Chem. Soc. Trans. 1890, 
57, 5S7), an aim ‘ ru ■ yield of pyro- 
catechol can be ' ^uaiacol by the 

following means. A solution of guaiacol in 
1-6 times its weight of fuming hydriodic acid 
(sp.gr. 1-96) is gently heated for about an hour 
in an apparatus fitted with a reflux condenser 
(to condense the eliminated methyl iodide), 
allowed to cool, mixed with a fourth of its 
weight of hydriodic acid and heated as before 
for 1 hour. The product, after washing with 
water, is extracted by other, the other removed 
by distfllation and the residual oil purified by 
rapid fractionation. 

(2) Pyrocatechol may be obtained in a pure 
condition by fusing phicu 1 -i.’pl'. it.ie acid 

with 24 molecular prop<i: : ■■m: potash 

at 320°-330° ; the yield is 20 p.c. of the theore- 
tical. By using less potash or a lower tempera- 
ture a smaller yield is obtained. 

Pyrocatechol crystallises from benzene as 
glistening colourless x)latos which melt at 104° ; 
it boils at 240° and is slowly volatile with steam. 
31 •! parts are soluble in 100 parts of water at 
20°, and the aqueous solution gives a green 
cedouration witli ferric chloride, which changes 
to violet on the addition of sodium carbonate 
or acetate ; this reaction is characteristic of the 
-.ii- clerivativcs of benzene. The 

X ' ■ gives t ’ ' with 

lead acetate, and the . ■ , salt, 

which is insoluble in w'ater, is used for the 
quantitative estimation of the irhenol. Idle 
salt can be dried at 100°-110°, and has the 
compo.sition CflH^OaPb. 

Derivatives of 'pyrocatechol. The ethers of 
pj'rocatechol arc of considerable importance, 
and many natural products are derivatives of 
the methyl ethers and esxJcciaUy of the methy- 
lene ether {v. Pipekonal). 

Guaiacol OH-OfiH 4 -OOH 3 , was_ originally 
X)rex)ared by the distillation of guaiacum resin 
(Unverdorben, Pogg. Ann. 1826, 8, 402), and is 
dso obtained in large quantities by the distilla- 
tion of wood. It is best derived from the 
fraction of beech wood tar, boiling at 200°- 220° 
by the following process (Hlasiwetz, Annalen, 
1858, 106, 339). The fraction is repeatedly 
shaken with moderately strong ammonia, then 
washed with water and rectified. The product 
is then dissolved in an equal volume of ether, 
and the potassium salt, which separates on the 
addition of a slight excess of alcoholic potash, 
is washed with '' from alcohol, 

and finally de.; . : 'Ulphuric acid. 

Guaiacol “may be obtained synthetically by 
direct methylation, for which purpose molecular 
quantities of pyrocatechol, caustic potash, and 
potassium methyl sulphate are heated at 170°- 


+ 2I-IoO 


(Plienoxazine.) 


jgQ PHENOL AND ITS HOMOLOGUES. 

180° (Goini) Annalen 1868. 147, 248; B61ial (Ris, Ber. 1886, 19, 2206). With o-ammopheuoLs 
and SCO Wn.. .893, .42^ P“Sn": 

n.„n®mX“Se^1r— and caxninophenol (Bernta. »ii. .887, 20, 
hydroxy-l-methylbenzene) are much less soluble ) 

in water than those of the admixed phenols, and /\/ \ ' 

a process for the separation of ■ ’ '■ / \OH , H2Nf ] ^ I i Y '] j_ 2I-I0O 

depending on this property, h ■ ■,■■■. i joH HOl J I J\ / 

technically (D. R. P. 56003, 90). Beechwood \/ 

tar (40 Ivilos.), is mixed with barium hydroxide (Plienoxazine.) 

(64 Idlos.) and 150 litres of hot water, to 

cooling, the crystalline magma is filtered off. They J^lsp jnela _ ^ Y.- 

pressed, washed once with water, and the treated ''^^h o-an^ .1 i ■ . ' 

guaiacol, which is mixed with more or less ibid. 1887, 19,_ 32oo). 

creosol, separated by the addition of hydi'o- Other typical condensatioiis may b^e lUus- 
chloric acid and subseq^uently steam distilled, trated by the formation of alizaiin fiom 
The distillate, on treatment with aqueous pota.sh, phthalic anhydride and pyrocate^iol with sul- 
gives the sparingly soluble salts of guaiacol and phuric acid (Baoyer and Caro, Her. 1 , 

creosol, the two phenols being finally separated 972) — 

by distiUation. . OH CO OH 

Guaiacol has only within comparatively /'\^'-COv /\OH ^ '^■^^OH , i, r. 

recent times been obtained in a chemically pure | | I —5^1 J I ] +HaD 

condition (B4hal and Choay, Bull. Soc. chim. \^'^00/ X/ 

1893, [iii.] 9, 142). It melts at 28 ’6° and boils at CO 

205°, dissolves in 60 volumes of water at 15°, (Alizarin.) 

and has sp.gr. 1'143 at 15°. A 1 p.c. solution |)y the production of a phthalein from 

in alcohol gives a blue colouration with ferric pyrocatechol and phthalic anhydride in the 
chloride, changing quickly through green to presence of zinc chloride at 140° (Baeycr and 
yellow. When heated with phosphorus penta- Kochendorfer, Bor. 1889, 22, 2196). 
chloride it is converted into o-chloranisole ; a Resorcinol C(,H 4 (OH )2 (Resorcin, 1:3- 
reaction by which its relationship with pyro- dihydroxybenzene) w'as first obtained by 
catechol and its orientation was originally Hlasiwetz and Barth (Annalen, 1864, 130, 354) 
determined (Fishli, Ber. 1878, 11, 1461). 1 — --.-j— resins (galbarmm, &c.) with 

Veratrole 0bH 4(00H3)2, (pyrocatechol di- : ' ■ . . • ■ bable that a,!! resins which 

methyl ether, 1 : 2-dimethoxybenzene) is obtained _•.!.■ •, ■ on dry distillation react in 

by tne distillation of veratric acid with baryta this manner (c/. ibid. 1866, 139, 83, 100). Re- 
and also by the methylation of the potassium sorcinol can also be obtained from benzene- 
salt of guaiacol. It melts at 22'5°, boils at 205°, disulphonio acids, halogensulphonio acids and 
and has sp.gr. 1-081 at 21-2°. halogenphenols ; it is prepared on the technical 

Other ortho- dihydrie phenols. Two methyl scale from sodiuna • ■ 

derivatives can be derived from pyrocatechol fusion with caustic ■. . .■ mgl. 

by the entrance of a methyl group into the poly. J. 1887, 263, 1^)- ' ’ . ’ 


OH 

/Noh 


CO OH 
/\/\0H 


YY-'-sYN/ 

CO 

(Alizarin.) 


halogenphenols ; it is prepared on the technical 

scale from sodiuna ’ • • . i--- ■>. ’ .. 

fusion with caustic ■. . ' ‘ '.ngl. 


benzene ring, namely 
OH 3 

■ 

XIOH 


CHg/^OH 

I JOH 


benzene is thus descril ■ . . 

and Busch (Mon. Sci. 1".-. :■ : ■!. . 

1137). To prepare ! ■ ■ ■ ■■ ■ < 

acid, 90 kilos, of fuming sulphuric a(;icl are 
placed in a cast-iron ve.ssel provided with a 
stirring apparatus, and attached to a refiu.x 


The first is isoTiomo'pyrocatecIiol, 2 : 3-di- condenser, and 24 Idlos. of pure benzene are 
hydroxy-l-methylbenzene, which melts at 47° gradually run in with constant stirring ; the 
and bods, vdth partial decomposition, at 238°- temperature gradually rises to the boiling- p(jint 
240°. The second is Jiomncntechol, 3 : 4-di- of benzene, and in the course of two to three 
hydroxy- 1-methylhenzene, melting at 51° and hours the benzene is completely converted into 

boiling at 251°-252°. The methyl ether of this the ? reflux condemser 

substance, creosoZ (4-hydroxy-3-methoxy-l - istl ■ ■ vessel attached to a con- 

inethylbenzene), accompanies guaiacol as a denser arranged in the ordinary way, and the. 


constituent of beechwood tar ; it boils at 221°- temp* 
222° and has sp.gr. 1-111 at 0°. the ■ 

Beactions of ortho-diJiydric phenols. Apart acid, 
from the special reactions already mentioned, wate- 


temperature raised to 275° in order to convert 

the icid into the disulphonic 

acid. .- - : - vhich come.s off with tlie 

wate ! ■ stage of the reaction is 


the ortho-dihydroxy derivatives of benzene are collected in the receiver. After heating for 
characterised by the fallowb-.g r-T-operties. about 20 minutes at this temperature, the njas.s 
When treated -with o-pl eoy i.-.i* they is allowed to cool, then iJourcd into 2000 litres 
yield phenazines or derivatives of this sub- of water, neutralised with milk of lime, and 


stance. Thus pjrrocatechol gives pbenazine 
N 

/'Yoh , HoNi-^N ^ , 


converted into the sodium salt in the usual way, 
the solution of the salt being subsequently 
evaporated to dryness. To obtain resorcinol 


j.>| | | |-f2H,0+Hg f^^om this jiroditct, 60 Idlos. of the completely 

UJl \/'^\Y\Y " sodium salt are added to 160 ldlo.s. of 

H caustic soda dissolved in the smallest possible 

(Phenazine.) quantity of water, and the mass heated at 270° 
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in a cast-iron vessel with continual stirring for 

from 8 to 9 '■ ■ ■■P; rliich time it becomes 

gradually ■ : . ■: finally solid. On 

cooling, it ,is dissolved in 500 litres of boil- 
ing water, the solution acidified with hydro- 
oliloric or sulphuric acids and boiled until all 
sulphur dioxide has escaped. The tarry matter, 
which is deposited, is filtered off from the cold 
solution, and the filtrate thoroughly extracted 
with ether in a copper extraction apparatus, 
the ether being subsequently distilled off and 
recovered. The crude resorcinol, obtained in 
this manner, is a colourless crystalline mass, 
which can be freed from traces of ether and 
water by heating it in an enamelled vessel at 
215°. It then forms a hard brittle mass con- 
taining 92-94 p.c. of resorcinol together with 
some phenol and about 5 p.c. of tarry matter. 
To free it from these impurities it is distilled, 
water coming over first, then phenol and finally 
resorcinol. It can be further purified by 
sublimation or recrystallisation from benzene. 
Itosorcinol may also be prepared from m- 
aminophenol through the diazo compound 
(Bantlin, Bor. 1878, 'll, 2101). 

Resorcinol crystallises from benzene in large 
colourless needles which melt at 119°; it boils 
at 27G'5°, and is slowly volatile with steam : 
100 parts of resorcinol dissolve in 67 -9 j)arts of 
water at 12-5°. The aqueous solution gives a 
dark violet colour udth ferric chloride which is 
discharged on the addition of sodium acetate. 
It gives no precipitate with lead acetate and 
can, by this means, be distinguished from 
pyrocatechol. Resorcinol give.s a voluminous 
precipitate of tribromre-soroinol with bromine 
water and reduces both aramoniacal silver 
nitrate solution and FeUing’s solution Avhen 
warmed. On fusion with potash it is converted 
into a mixture of phlorochrcinol (00-70 p.c.), 
, - . 1 . .1 m o -r.) and dirosorcinol (1-6 p.c.) 

■ " .. Bcr. 1881, 12, 503}. 

When fused with phthalio anhydride, re- 
sorcinol is converted into fluorescein and the 
presence of small quantities can be detected by 
means of this reaction. 'The test is best eifected 
by dissolving the substance in dilute ammonia 
and pouring the solution into a large volume of 
water, Avhen the presence of resorcinol is indicated 
by the formation of a yellow solution having a 
fine green fluoroscenno. 

Resorcinol and its analogues (the amino- 
phenols, &c.) are extensively used in the pre- 
paration of colouring matters (see PyeontnI! 
(-'OLOURiNO matters). Tt Combines with dia- 
zonium salts forming oxyazo colouring matters 
of which Sudan G is a type 

CflHg-N-N— 

OH 
Sudan G . 

Imt these compounds have little technical 
importance. 

Resorcinol may be estimated quantitatively 
by titration with bromine water or by moans of 
a solution of bromine in alkali, as in the case of 
phenol. The method i.s based on the formation 
of tribromrcHoreinol in accordance with the 
equation 

C«H4(OH)2+3Br.3 CaHBr„(OH)2-|-3HBr 
Delicate tests for resorcinol are described by | 


Carobbio (Chem. Zentr. 1906, [ii.] G32) and by 
Siibermann and Ozorovitz {ibid. 1908, [ii.] 1022). 

General proferties of the meta-cUhydric 
pTienols. The tendency for the phenols to react 
in the keto (hydroaromatic) form increases with 
the entrance of hydroxyl groups in the meta- 
position. This tendency is therefore exhibited to 
a greater extent by resorcinol than by phenol 
O-OH CO 


ch/^ch 
chII 'c-oh 

Phenol-form. 


ch/'^gh, 
chIi Jco“ 


CHa 

Keto-form. 


and is shown to a much greater degree by phloro- 
glucin ig.v.). 

Although the keto form of resorcinol is not 
sufficiently stable to cause tliis substance to 
react with the usual kotonic reagents (hydroxyl- 
amine, &c.), yet there is no doubt that the 
formation of C-alkyl derivatives by the action 
of alkyl iodides on the sodium salt of resorcinol 
(c/. Horzig and Zeisel, Monatsh. 1889, 12, 191, 
308 ; Ciainician and Silber, Gazz. chim. ital. 
1893, 22, 2, 66) is due to the phenol reacting in 
its keto form. 

It has, moreover, been found by Morliiig 
(Aimalen, 1893, 278, 20) that, unlike phenol, 
resorcinol i.s readily reduced by sodium amalgam 
to dihydroresorciii 


OH 




JoH 


CO 

. CH/^bCHs, , „ 

^ohII Jco 
\/ 

OH, 




CO 

ch/\ 


iCHa 


bypicul alicyolic diketone 
pared by Vorlander (Ber. 

1S07 O.QA O.RQ'i 


\/ 

CHa 

(Dihydroresorciii). 
which has been 
1897, 28, 2348; 


lareci ny^ vorianoer (.iser. isav, zs, i!:i4s ; 
lalen, 1897, 294, 269) by the action of sodium 
ithyl- 7 -acetobutyrate 


CO-OCaH 
CHa 

I 1-Nn,- 


00 

CH,/\CH„ 


GHo CHa 

(Dlhydroresorcin). 

The mota-dihydric phenols also react with 
aqueous alkaline bioarbonates, yielding the 
salts of hydroxy acids thus — 
CttH4(OH)a+KHC03-->C«H3(OH)2-COOK+HaO 
{v. Ko.staneeki, Ber. 1886, 18, 3202). 

TIomoloyiies of resorcinol. There are throe 
possible dihydroxytoluenes which can be formed 
by the entrance of a methyl group into the 
nucleus of resorcinol, namely — 



(Orcinol) (Cresorcinol) 

I. II. HI. 


Orcinol (3:5- dihydroxy - 1 - methylbenzene) 
was discovered by Robiquet in 1829, and is 
iound in many lichens {Bocella iinctoria, 
Lecanorn, &g.}. It is formed by the elimina- 
iion of carbon dioxide from orsellinic acid, e.cj. 
ipon fusing extract of aloes with pota.sh — 
C6H2(0Ha)(0H)aC00H 

-> CoHa(OHa)(OH)2-|-C02 

(Orcinol). 
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and can also be prepared synthetically from , liquid is obtained containing 

toluene (Ber. 1882, 15. 2992). It is also formed qumhydrone m suspension. e ai 1 


by the action of sodium on ethyl acetouedi- quinhydrone are then reduced to ^ydroqu nont 
carbosvlate {ibid. 1886, 19, 1446). by passing sulphur dioxide through the qu d 

Orcinol crystallises from water in prisms until it smells of sulphurous acid, the si 
containing water of crystallisation wliich begin matter is filtered off, and the hydroq i ' . - 
to melt at about 56° in their hydrated state; tracted from the filtrate by “cans ol cthei 
when anhydrous it melts at 107°-108°. It gives which is subsequently distilled off. 
a violet-black colouration with ferric chloride, of crude hydroqumono under these cent itio is 
but does not yield a phthalein when fused with amounts to as much as 85 p.c._ In order to 
phthalic -1 ' . T-- -^kalihe solution, when purify the product it is dissolved in the sniallest 

warmed . ! gives a bright-red possible amount of water, the solution boded 

liquid which shows a strong yellowish-green ivith animal charcoal and a little sulphurous 


fluorescence on dilution (homofluorescein re- 
action). G resorcinol (2:'-’"’ 1 i 
benzene, formula II.), m ■ 
boils at 267°-270°; 2 iMiliydroxij-l-methjlhen- 
zem, formula IIL, melts at 63°-66°. Both the 
above compounds give the fluorescein reaction. 
p-Xylorcinol (i3-orcinol, 3 : 5-dihydroxy- 1 : 4-di- 


acid, filtered and allowed to crystallise. 

Hydroquinone is dimorphous. It crystal- 
lises from water in colourless hexagonal prisms 
n, ■■^-^v.oolinic scales. 
. ■ ■■■ ■ . . 2' i°(730nim.) ; 

100 parts of a solution of hydroquinone satur- 
ated at 15° contain 6-85 parts of the phenol 


cthviborizcnV''. is forrned'by the" decomposition and it is readily soluble in alcohol, ether, and in 


o" (v 'd ; it melts at 163° and boils at 

277°-280°. 

Hydroquinone CaH4(0H)2, (Quinol, 1 : 4- 


hot water. Ferric chloride converts it into 
quinone and quinhydrone, and an aqueous 
solution gives no precipitate with lead acetate. 


1^! .■■h o ; /■■uv '. The para-dihydroxy de- Its alkaline solution becomes brovui on exposure 
/i-ne possess the property of to the air. It reduces Fehling’s solution in the • 
readily loosing two atoms of hydrogen in the cold and ammoniacal silver nitrate solution on 


presence of oxidising agents and passing into 
quinones (q-v .) — 


C-OH 

ch/^ch 1 
GH'I 

DOH 

Hydroquinone. 


CO 

ch/^ch 

OH^ JOH 
W 

Quinone, 


They are therefore named hydro quinones. 


warming, owing to the formation of quinone, and 
this oxidation to quinone is effected by nitric 
acid, chlorine or other oxidising agents. 
When its vapour is passed through a tube 
heated to redness, it is transformed into quinone 
and free hydrogen (Hesse, Annalen, 1860, 114, 
297). When heated with phthalic anhydride 
and sulphuric acid it yields quinazarin, and 
when heated with phthalic anhydride and 


Hydroquinone was first prepared by Caventou ^inc chloride it is converted into the onlourloss 
and Pelletier from quinic acid on dry distilla- hydro quinonophthalein (Grimm, Bcr. 1873, 6. 
tion, and was further investigated by Wohler 506). 

(Annalen, 1844, 51, 145). It occurs naturally Homologues of hydroquinone are UHually 
in the sugar-bush {Protea mellifera), a shrub of named after the parent hydrocarbon. Tolu- 
common occuri’ence in South Affif'o hydroquinone, G(jH 3 (OH 3 )(OIi )2 (2: 5-dihydrnxy- 

1896, 290, 317). It can be - l-methylbenzene), is of interest becauK(! it is 

cally by a number of processes, of which the formed by the action of hot dilute sulphuric 
following are the more important. From phenol acid on p-tolylhydroxylamine (Bamberger, Ber. 
by oxidation ivith alkaline potassium per- 1895, 28, 246) — 


sulphate (D. R. P. 81068, 1895 ; Ohem. Fabrik. 
vorm. E. Schering) ; by fusing jj-iodophenol 
with potash (Korner, Zeitsch. physical. Ohem. 
1866, 662, 731) ; and from ^i-diazophenol sul- 
phate when boiled with 10-15 p.c. sulphuric 
acid (Weselsky and Schuler, Ber. 1876, 9, 1159). 
It is also formed when tl ' ' ’’ ’ " ' , 

hych'olysed by boiling ■ 

(Kawalier, Annalen, 185.” ■ 


\/ 

NH(OH) OH 

(Toluliydroquinone.) 

It melts at 125°. Of the xylohydroquinones, the 
ortho- compound melts at 221°, the meta- com- 
pound at 149°, and the para- derivative at 


ibid. 1858, 107, 228) and is produced by the 211°. 

electrolytic oxidation of benzene in alcohol- The trihydric phenols. The three theoreti- 
sulphuric acid solution (Gattermann and Fried- cally possible trihydroxy derivatives of benzene 
richs, Ber. 1894, 27, 1942). It has been pro- are known ; they are 


pared from ethyl succinate through ethyl 
succhiosuccinate (Hermann, Aimalen, 211, 336). 

The preparation of hydroquinone is best 
effected by the oxidation of aniline in the 
following way. A concer - -■. ,lu- 

tion of sodium dichromate : . . to 

a weU-cooled (5-10 p.c.) . = ; ■ , of 

aniline in 8 parts of sulphuric acid and 25 parts 


The mixture at first becomes green, by Scheelo in 1786 by the cby distillation of 


of water. The mixture at first becomes green, 
and towards the end of the operation, deep 
blue-black ; a further addition of the dichromate 
solution brings about the solution of the greater 


OH OH OH 

/^OH ,/\0H 

l\/iOH OH.I lOH 

OH 

(Pyrogallol.) CHydroxyquinol.) (Phloroglucinol.) 
Pyrogallol, GflHsfOH)^ (pyrogallie acid, 
1 : 2 : 3-trihydroxybenzono), was first prepared 


gallic acid — 

C8H2(0H)3C00H 

(Gallic acid.) 


CaH3(OH)3 


part of the precipitate, and a broivn, turbid I and it is by this x^rocess that i 


it is prepared 
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commercially at the present day. It is also 
formed from a- or ;8-parachlorophenolsulphonic 
acid by fusion with potash (Petersen and 
Baehr-Predari, Annalen, 1871, 157, 136). The 
preparation of pyrogallol is usually carried out 
as follows. Gallic acid is heated with 2-3 times 
its weight of water in a bronze digester at 
200®-210° for about half an hour, the escape of 
carbon dioxide evolved during the operation 
being provided for. The resulting almost 
colourless solution of pyrogallol is then boiled 
with animal charcoal, filtered, the filtrate 
rapidly evaporated, and the pyrogallol, which 
crystallises out, distilled under a pressure of 
20-30 mm. The yield is practically theoretical. 

In order to obtain the phenol cheaply for 
photographic purposes, T. E. Thorpe (Chem. 
News, 43, 109) recommends that lOgrms. of gallic 
acid and 30 grms. of glycerol bo heated at 190**- 
200° as long as carbon dioxide is evolved. A 
theoretical yield is obtained and the mass 
dissolved in a litre of water, gives a solution 
suitable for photographic work. Eor the 
preparation of pyrogallol from 2 : 6- dihalogen- 1- 
|)henol-4 sulphonic acids, cf. D. R. P. 207374, 
1907. 

Pyrogallol forms yhito lustrous needles or 
thin plates, molts at 132° and boils with partial 
decomposition at 210°. It is soluble in 2-25 
parts of water at 13°, has a bitter taste and is 
poisonous. It is readily soluble in ether and 
in alcohol and its alkaline aqueous solution 
absorbs oxygon from the air, becoming deep- 
brown in colour. It is upon this property that 
the employment of an alkaline solution of pyro- 
gallol in gas analysis depends. The absorption 
of oxygen involves the decomposition of the 
phenol into carbon dioxide, acetic acid, carbon 
monoxide and products of high molecular 
weight ,* allowance must bo made for the pro- 
duction of the small quantity of carbon mon- 
oxide formed in this manner (see below). Gold, 
silver, and mercury salts are rapidly reduced by 
pyrogallol ; a solution of a ferrous salt, free 
from any trace of ferric salt, x)roduoe8 a white 
turbidity when added to a solution of pyro- 
gallol, but if any ferric salt be present, a blue 
colouration is at once formed, which rapidly 
changes to a brown-red, owing to the oxidation 
of the pyrogallol by the ferric salt to a product 
giving a blue colour with ferrous salts (Jacque- 
min', Compt. rend. 3873, 77_, 593). Ferric salts 
in excess and other oxidising agents, such as 
potassium permanganate and chromic acid, 
oxidise pyrogallol to purpurogallin (Wicholhaus, 
Ber. 1872, 5, 848), a red compound which yields 
naphthalene on distillation with zinc dust. 
When heated with phthalic anhydride, pyro- 
gallol is converted into gallein {q.v .) ; it is usual 
to employ gallic acid in the preparation of this 
substance since at the high temperature of the 
reaction it is converted into pyrogallol. Anthra- 
gallol is formed when this condensation is 
effected in the presence of a condensing agent 
such as excess of strong sulphuric acid (Seuber- 
lich, Ber. 1877, 10, 42). 

The employment of pyrogallol in gae analysis. 
It has been found that 1 grm. of pyrogallol, 
dissolved in aqueous potash, is capable of 
absorbing 189‘8 c.c. of oxygen (Liebig, Annalen, 
77, 107). Oxygon is most rapidly absorbed by 
a solution of either 0*25 grms. of pyrogallol in 


10 c.c. of aqueous potash of sp.gr. 1*050 (Weyl 
and Zeitler, Annalen, 1880, 205, 255), or by the 
same amount of the phenol in 10 c.c. of aqueous 
caustic soda of sp.gr. 1*030 (Weyl and Goth, 
Ber. 1881, 14, 2659). The amount of carhon 
monoxide evolved is greater with pure oxygen 
than with a mixture of oxygen and nitrogen, 
being about 3*6 p.c. with pure oxygon, and 
2*5 p.c. with air, of the quantity of oxygen 
absorbed (Calvert, Cloez and Bousingaiilt, 
Compb. rend. 57, 873: Annalen, 1864, 130, 
248). 

The ethers of pyrogallol. The dimethyl ether 
(pyrogallol dimethyl other), 

CqH 3 (OH)(OGH 3 ) 2 , (OH : OCH 3 : OOH3=1 ; 2 : 3), 
occurs in beechwood tar creosote, and can be 
isolated by treating the fraction boiling at 
250°-270° with benzoyl chloride, and subse- 
quently decomposing the ■■ ’ - ’ 

derivative (m.p. 118°) witl: 

Ber. 1875, 8, 66; 1878, 11, 329; 1879, 12, 
1371). It forms white prisons, melts at 52° and 
boils at 263°. When oxidised with nitric acid, 
ferric chloride, chlorine, or preferably chromic 
acid in acetic acid solution, it yields cedriret. 

The isomeric dimethyl ether 

(0H:0CH3: 00113=2:1:3), 

has beem 1 --- d V* — be and Hesse (Annalen, 

1905,340 ■■ , syringio acid at 240°- 

270° ; it meits at 54*»- and" boils at 262-7°. It 
is converted into cedrirot when oxidised with 
sodium nitrite in acid solution. 

Hydroxyquinol, CflH 3 (OH )3 (1:3: 4-trihy. 
droxybenzeno), is obtained together with 
diquinol and S-hexahydroxydiijhenyl, by very 
rapidly heating hydroquinono with 8-10 times 
it.s weight of caustic soda until the evolution of 
■■ b ' . 1 (Barth and Schroder, 

1 !. . I".:. !. :>■: I . erzig and Zeisel, fWd. 

1888, 9, 149). It crystallises from ether in 
microscopic scales, molts at 140*6° and distils 
with partial decomposition into quinol. Its 
aqueous solution becomes rapidly coloured on 
oxjiosure to the air, and when treated with a 
drop or two of aqueous ferric chloride gives a 
transient bluish-green colouration, which, on 
the addition of a very small quantity of aqueous 
sodium carbonate, becomes dark-blue and on 
the addition of a further amount, wine-red. 
For an account of the derivatives of oxyhydro- 
quinone, compare Bargellini and Avrutin (Chem. 
Zentr. 1911, [i.] 216, 217). The irimethyl de- 
rivative 1:2: 1 ■! .'■ii; '.-I I'.. " -'nr-, boils at 247° 
and is d i':-- oal-o- of dimethyl- 

sulphate on oxyhytiroquinone triacetate (Schu- 
ler, Ai*ch. Idxarm.' 1907, 245, 262). It has been 
used by Rcigrod.ski and Tambor (Ber. 1910, 43, 
1964) for the synthesis of 2 : S-dioxyflavone. 

Phloroglucinol, GjjH 3 (OH )3 (1: 3; 5-trihy- 
droxybenzene), is obtained by fusing with potash 
certain gluoosides, as for example phloretin. 
whence its name (Rlasiwetz, Annalen, 1855, 96, 

120), quercitrin ' = 1" ’ o! Querais 

(Hlashvotz, ihi-'. I'-!'. ■" • maclurin, 

which, iti an ittipiire form, is obtained from 
fustic (Hlasiwetz and Bfamuller, ibid. 1863, 
127, 357), cateehin, kino (Hlasiwetz, ibid. 134, 
118), dragon’s blood (Hlasiwetz and Barth, ibid. 
1865, 134, 283), gamboge (Hlasiwetz and Barth, 
I ibid. 1866, 138, 69), and scoparin, a yellow dyo 
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obtained from Spartium scMparmn (Hlasiwetz, 
ibid. 1866, 138, 190). It is also obtained by 
fusing benzene trisulphonic acid, phenol (Barth 
and Schreder, Ber. 1879, 12, 422), resorcinol 
(Barth and Schreder, ibid. 1879, 12, 503), or 
orcinol (Barth and Schreder, Monatsh, 1882, S, 
649) with an excess of caustic soda. It has 
been prepared synthetically from ethyl malonate 
by Baeyer (Ber. 1885, 18, 3468) ; compare also 
Moore (Ghem, Soc. Trans. 1904, 85, 166). 

Preparation. It is best prepared by fusing 
resorcinol for about 25 minutes Avith 6 parts of 
caustic soda at a gradually increasing tempera- 
ture until the vigorous evolution of gas, which 
soon sets in, almost ceases and the mass becomes 
a bright chocolate colour. The mass is then 
dissolved in water and the solution acidified 
with dilute hydrochloric acid, filtered, and 
extracted with ether ; the ether being subse- 
quently distilled off, and the phloroglncinol, 
which separates as a magma, reory.stallised after 
purification with animal charcoal (Barth and 
Schreder, l.c.). 

The product usually contains some resorcinol, 
which can be removed by heating at 100° and 
moistening with water from time to time until 
all the resorcinol has been sublimed (Tiemann 
and Will, Ber. 1881, 14, 964). 

Phloroglncinol can be completely freed from 
resorcinol and dirosoroin by boiling with a 
concentrated aqueous solution of potassium 
bicarbonate. Under these circumstances, the 
potassium salt of phloroglucinolcarboxylic acid 
is formed which crystallises in needles, is 
sparingly soluble in a solution of pota.ssium 
carbonate and alcohol, and when added to 
dilute hydrochloric acid gives the free acid 
which can be extracted with ether.- The 
crystalline acid obtained by evaporating the 
ether solution eliminate.s carbon dioxide when 
boiled with water, pure phloroglncinol remaining 
in the solution (Will and Albrecht, Ber. 1884, 
17, 2103; Will, ibid. 1885, 18, 1323; Skraup, 
Monatsh. 1889, 10, 721). 

According to Brunner (Annalen, 1007, 361, 
313), potassium phlorogluoinoicarboxylate is 
formed at the ordinary temperature when a 
stream of carbon dioxide is passed through a 
mixture of the phenol and potassium carbonate 
in glycerol. 

Phloroglucinol crystallises from water in 
colourless tables containing 2HgO, and from 
ether in large rhombic plates. The.se lose their 
water of r- ' 100°, forming the 

anhydrous " , ' melts at 217°-219° 

when rapidly heated, but at 200°-209° when 
slowly heated (Baeyer, Ber. 1886, 19, 2186). 
It sublimes without dec'''rTro=iition. has a sweet 
taste, reduces 1 g’-i 'ohi-y-o", is readily 
soluble in water, alcohol, and in ether, and, 
according to Tiemann and Will (l.c.), is more 
readily extracted from a neutral than from an 
acid solution. It is a dibasic acid (Thiele and 
Boomer, Zeitsch. physikal. Ghem. 1908, 63, 711) 
and its nlkaline solution absorbs oxygen from 
the air, but less readily than pjn’ogallol (Weyl 
and Goth, Ber. 1881, 14, 2673). Its aqueous 
(concentrated) solution gives a blue-violot colour 
with ferric chloride. 

When potassium nitrate is added to a very 
dilute solution of phloroghtcinol and aniline 
nitrate, a cinnabar-red precipitate of benzene- 


azophloroglucinol is formed after a short time 
(Weselsky, Ber. 1875, 8, 967 ; Weselsky and 
Benedikt, ibid. 1879, 12, 226), a distinct precipi- 
tate being obtained at the end of 3 hours with 
only O'OOOS grm. of the substance. A similar 
reaction is, however, produced by maclurin, 
decoction of fustic, catochin, and extract of hops 
(Weselsky, ibid. 1876, 9, 217). 

Phloroglucinol in the presence of hydro- 
chloric acid gives a red-violet colour with woody 
substances ; thus absolution containing 0-01 p.c. 

-.1-1 j;noist- 

I : ‘ I, ■: ' 'ed, and 

a solution containing no more than 0-001 p.c. 
will give this reaction if the shavings are allowed 
to remain in the solution for 24 hours (Wiesner, 
Dingl. poly. J. 1878, 227, 397 ; Kielmeyer, ibid, 
684 : Wagner, ibid. 1878, 228, 173). ' Phloro- 
glucinol solution (1-30000) gives a definite 
colour with woodpulp paper (Cros.s, Bevan and 
Briggs, Ber. 1907, 40, 3119). Unlike pyro- 
gallol, phloroglucinol is not poi.sonous. 

The ' desmotropiam of phloroglucinol. It has 
been already stated that the increase in the 
number of hydroxyl groups in the meta-positions 
in the benzene nucleus increases the tendency 
for the compound to react in its desmotropic 
forms. It is therefore to bo expected that in 
pi- 1 -bi-ir.ol this tendency would be at its 
'! : f' experimental facts which show 
that this phenol reacts in the two desmotropic 
forms 


OH 

CO 

xx 

CHa/'XCHo 

and 

CHa 

HO’^^ ^OH '■ 

(Phenol form.) 

(Keto-form.) 

be summarised 

as follows : — 


The phenol form loads to the formation of a 
tx’icarbanilido derivative, 

G„H3(O-CO-NH08Hc), 

when phloroglucinol is treated with phony h’.s'o- 
cyanatc (Goldschmidt and Meisslcr, Ber. 1890, 
23, 269) and causes the phenol to yield well- 
defined o-alkyl derivatives of the type 

CbI!3(OE)3 

when it is alkylated under suitable conditions 
(Benedikt, Annalen, 1876, 178, 97 ; Will and 
Albrecht, Ber. 1884, 17, 2107 ; Herzig and 
Zei.sel, Monatsh. 1888, 9, 218 ; IIe.sso, Annalen, 
1893, 276, 328). 

The Iceto-form leads to the production of a 
trioxime 

CHa 

HON : C,^\C : NOH 
0H3l,^^0H2 

0 

NOH 

when phloroglucinol is treated with hydroxyl- 
amino (Baeyer, Ber. 1886, 19, 169). It is a 
sandy, crystalline powder which (lecomposos 
with explosive violence at 155°. The action of 
phenylhydrazinc leads, in the first instance, 
to the formation of a salt wliich on long 
-.''.oohol passes into phenoldis- 
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CO 

^'cof^ico' + 2NH,-NH-C„H5 
CH, 

O-N-NHObHs 

^ CO!^ IC-N-NHCflHs 

CH, 

C-NH-NHC^Hb 

^ oh/%oh 

01-I-Cl_ JC-NH-NH-CcHg 
CH 

(Phonolclishydrazobenzene .) 

(Baeyor and Koohendocrfer, Her. 1889, 2189). 
The koto-form is also sho'wn by the readiness 
with which phloroglucinol reacts with concen- 
trated aqueous ammonia in the cold, yielding, 

firstly, am’-"'- ■'1 2 : 

hy-1r^x---l. ■ . . 

■ ' ■> i , . : . '■ • ' • 

Poliak (Monatsh. 1893, 14, 401). 

Totra-, ponta-, and hcxa- alkylated products 
are formed from phloroglucinol when it is 
alkylated by alkyl iodides in the presence of 
alcoholic potash. The alkyl groups in these 
compounds are not removed by hydriodic acid 
and are therefore attached to carbon. Their 
constitution may bo illustrated by the hexa- 
raothyl derivative which, on heating with 
concentrated hydrochloric acid at 190°, is 
transformed into carbon dioxide, diisopropyl 
kotono, and fjobutyric acid, 

C(CH3)o 

co/\co , 

(CH3)3C1^^0(CH3)3 

CG 

(Hexa-methyl derivative.) 

C0-CH(CH3), COOH 

I “ + I + CO. 

CH(CH3)2 0H(0H3)2 

(Diisopropyl ketone.) (iso-Butyric acid.) 


(Horzig and Zoisel, Monatsh. 1888, 9, 217, 882 ; 
1889, 10, 735 ; 1893, 14, 376). Phloroglucinol 
is reduced by sodium amalgam in the cold, 
yielding phloroglucite (eyeZo-hexanotriol) 


CH 3 

ho-ch/^ch-oh 

/GH 3 

CH-OH 


OH, 


(Phloroglucite.) 


(W. Wislicenm^, Bcr. 1894, 27, 367). 

The tendency for derivatives of the phenol 
form to pass into derivatives of the keto- form 
is illustrated by the behaviour of phloroglucinol- 
triacetato which, on heating with an equal part 
of zinc chloride for 3 hours at 130°, passes into 
triacctotrikctohexamethyleno, thus — 


OAc 

\ 

AcOl jOAc 

\/ 


GO 




Ae-CH, 

CO 


\ / 

(iliAo 


CHAe 

CO 


(Heller, Ber. 1909, 42, 2736). 


rp,. - .1 .. ■ . 

(Chem. S . ■ ■ . ■■■, 

ou, 73u;. 

The tetrahydric phenols. There are three 
theoretically possible tetrahydroxy derivatives 
of benzene. 


OH 

OH 

OH 

/^,OH 

/\0H 

J-M 

0 

<_ 


ho!, ^oh 

Hoi. ; 

\/ 

OH 


OH 

(1 : 2 : 3 : 4) 

(1 : 2 ; 3 : 5) 

(1 : 2 : 4 : 5) 


all of which have been prepared ; two of 
them occur naturally in the form of their 
others. 

1:2:3:4'?’-^-'^ ^- (Apionol), is 
the parent ■ piola {v. Oils, 

Essential). It has been prepared synthetically 
by Einhnrn, Cohlinger and Pfeiffer (Ber. 1904, 37, 
119) by the action of water on the hydrochloride 
of aminopyrogaUul. It forms colourless noodles 
from benzene which melt at 161°. The tetra- 
acatyl- derivative, forms needles melting at 136°, 
The phenol is readily soluble in water, alcohol 
or other, and dissolves in alkali forming a pale 
yellow solution which does not absorb oxygen 
from the air. The aqueo\is solution gives an 
intense blue colour with ferric chloride. A 

dimethylmeihyUne ether, 08 H 3 ( 0 CH 3 ) 2 <Cq;>CH 2 

(Apiono), molting at 79°, is formed by the 
oxidation of Petersilien Apiol. Tetramethyl- 
apionol C 8 H 2 (OCH 3 ) 4 , melting at 89°, ha,H 
boon proiiarcd by Oiamician and Silbor (Bor. 
1896, 29, 1808) ; it is probably identical with 
the ether prepared from the free phenol and 
dimethyl sulphate, which melts at 83° (c/. 
Einhorn, Cohlinger and Pfeiffer, lx. 106). 

1:2:3 .5-Tetrah,ydroxyhanzene (oxyphloroglu ■ 
cinol), is formed from picric acid by reduction 
and elimination of the amino groups by boiling 
the hydrochloride of tho amino compound with 
water 


OH OH OH 

O..n/’'''N 0. H„Nf'"'",NH„ HOf'^’''')OH 

\/ \/ 

NO 2 N.Ha OH 

In tho first instance, the trihydroxyamino- 
benzeno ObH 2 (OH) 3 -— NH 2 , is formed, but on 
heating with water at 160° the remaining amino 
group is eliminated (Will, Ber. 1888, 21, 609, 
2020 ). 

The tetrahydric phenol forms slender needles 
melting at 165°, and tho aqueous solution gives 
a d<3op-red colour with ferric chloride. The 
moTbomethylether (2-raothoxy-l : 3 : 6-trihydroxy- 
honzeue, iretol). is formed by tho decomposition 
of the glucosido iridine (from violet roots) ; it 
forms white needles whicli molt at 180° and are 
readily soluble in water, Tho trimethyl ether 
(1: 2: 3-trirncthoxy-5-hydroxyijenzene) has been 
prepared by Graobe and Suter (Annalen, 1906, 
340, 222). It melts at 140° and is identical 
with Kiliani’s antiarol. Eor other derivatives 
of this phenol, see Bargellini and Bird (Chem. 
Zentr. 1911, i. 392). 

1:2:4: S-Tetrahydroxyhenzene, is formed 
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from resorcinol in a maimer which is indicated 
by the following scheme ; — 


OH OH OH 


\/ 


loH 




I >H^ UOH 

il.OoHs NHa 

(disazo compound), (reduction). 

0 ■ OH 


H0/\ 


HO 




0 

(Dihydroxyquiiione.) 

III. 


H0/\ 




Iho 


iH 


1 j jg formed, 

by , I ■ ; ■■ ■ ium chloride on 

resoroinol in the presence of excess of caustic 
alkali. This is reduced to diaminoresorcinol (II.), 
which yields diiminorc.sorGinol on oxidation, a 
substance udrich is converted into dihydroxy- 
quinone (III. ) on treatment with caustic alkali ; 
the last-named compound is reduced to the 
tetrahydrio phenol by stannous chloride. The 
totrahydroxybenzene forms glistening leaflets 
which melt between 216° and '220° ; the aqueous 
solution becomes rapidly browir on exposure to 
the air and is at once oxidised to dihydroxy- 
quinono by ferric chloi'ide. 

Pentah'ydrie phenol. There is only one 
theoretically possible pentahydroxy derivative 
of benzene, namely — 


OH 



OH 

(1:2:3 :4:5) 


1 : 2: 3: 4: 5-Pentaliydroxyhenzene. A.substance 
having this constitution has been described by 
Wenzel and Wcidel (Ohem. Zentr. 1903 [ii.] 829) 
as forming colourless crystals imsoluble in all 
iho usual organic solvents. Different jiroperties 
are given to this compound by Einhorn, Cob- 
linger and Pfeiffer (Per. 1904, 37, 122), who 
prepared it by the action of water on the hydro- 
chloride of 4 : 6-diaminopyrogallol 


OH 


OH 


h.,n/Noh: . ho/Vh 

H:n!^ ^OH ^ HOl^^OH 

It forms microscopic needles when crystal- 
lised from benzene which arc readily soluble in 
ether, alcohol, or ethyl acetate, and which 
blacken when hea' ’ ves 

a darli-redhrown ‘ ‘ . :'he 

‘penla-acelyl dcrivaMve forms colourless needles 
which melt with decomposition at 166°. 

The only Tiaxaliydric phenol, hexahydroxy- 
lienzene 0,j(OH)e, ' has been prepared by 
Nietzki ancl Benckisor (Ber. 1885, 18, 499, 
1833) from the diacetyl derivative of hydro- 
quinone in the following way — 

0 


OAc 

I 

/ 

OAc 


II 

OH 

[/ '^-OH 

I-HNf^'\OH 

■! JNO 2 

\/ 

biOi^ ^NH, 

II 

OH 

0 


(I.) 

(II.) 



CO 

OH 


00 

00 

00 

LOO 

■ . .HO,^'\OH 
^ HOl, ^OH 


GO 

C)H 


(III.) 

(IV.) 


nq,- ,i; — j-..i iyativc is couvurtcd into the 

■ . ■ acid ’ (I. ) by the action of 

nitric and sulphuric acids ; this is then reduced 
to diaminototrahydroxybenzeno (II.) which is 
oxidised by means of nitric acid to triquinoyl 
(III.) ; the latter is then reduced by stannous 
chloride to hexahydroxybenzene (IV.). The 
hexahydric phenol forms long needles which 
cannot be obtained completely colourless ; when 
heated it bccome.s dark-grey at about 200° 
without melting. It is sparingly soluble in 
cold water, but readily dissolves on warming, 
and is sp.aringly soluble in alcohol, ether, or 
benzene. The aqueous solution becomes quickly 
red-violet on exposure to the air and at once 
reduces silver nitrate. It is oxidised by con- 
centrated nitric acid to triquinoyl and when its 
alkaline solution is treated witli air, it is con- 
verted into tetrahydroxyquinone. The action 
of dilute alkali yields potassium croconatc, and 
acetic anhydride produces the 7 ■ 7 d dor a - 

tive which melts at 203° (Maw.. I’.-.ii!. >:■(■. 
chim. 1887, 48, 64). The potassium salt of 
hexahydroxybenzene is identical with ‘kohlen- 
oxydkalium,’ which is prepared by the action 
of dry carbon monoxide on melted potassium 
(Gmeiin, Pogg. Ann. 1825, 4, 35). J. F. T. 

PHENOL COLOURING MATTERS v. Oxazinb 

COLOlJRtNO MATTERS. 

PHENOL CORALLIN v. Atotn. 

PHENOLPHTHALEIN v. Triphenylm ethane 

COLOURING MATTERS. 

PHENOPHENANTHRAZINE v. Azines. 

PHENOSAFRANINE v. Azines. 

PHENOSAL V . Synthetic drugs. 

PHENYFORM v. Synthetic drugs. 

PHENYL. Under this heading will bo 
described the monosubstituted derivatives of 
benzene, having the general formula C/gHgH. 
The radicle GeHs is known as phenyl and is 
monovalent. 

Aminobenzene v. Aniline. 

Bromobenzene, Phenyl bromide CgllnBr. Pre- 
pared by the interaction of benzene and bromine 
in the presence of sunlight (Schramm. Bor, 1886, 
18, 606), iodine (Rilliet and Ador, ibid. 1875, 
8, 1287), aluminium chloride (Leroy, Bull. 
Soc. chim. 1887, 48, 211 ; Greene, Compt. rend. 
90, 40), or aluminium amalgam (Cohen and 
Dakin, Ghem. Soo. Trans. 1899, 894) ; by the 
action of phenylhydrazino on porbromacotono 
(Levy and Jedlicka, Annalen, 249, 84) ; by the 
action of sulphur bromide and nitric acid on 
benzene (Edinger and Goldberg, Ber. 1900, 33, 
2884) ; by diazotising aniline in the presence of 
copper, sulphuric acid, and potassium bromide 
(Sandmeyer. ibid. 1884, 17, 2650) ; for electro- 
lytic method v. Votooek and Zonisede (Ghem. 
Zentr. 1899, i. 1146). 

Bromobenzene is a colourless liquid, b.p. 
156'6° (758*6 mm.) (Feitler, Zeitsch. phy.sikal. 
Ghem. 4, 70); m.p. — 30*5° (eorr.) (Schneidar, ibid. 
22, 232 ; c.f. Haase, Ber. 1893, 26, 1053) ; sp.gr. 
474 ° 1*6105, 15°/15° 1-4991, 25°/25° 1-4886, 
5O°/50° 1-4681, 100°/100° 1-4416; magnetic 
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rotation (Perkin, Chom. Soc. Trans. 1896, 1243) ; 
vapour pressure (Ramsay and Young, ibid, 
1885, 646, 665; Young, ibid. 1889, 488, 506; 
Kahlbaum, Zeitsch. physikal. Ghem. 26, 584) ; 
absorption spectrum (Pauor, Ghcni. Zcntr. 
1896, i. 1122; Purvis, Ghem. Soc. Trans. 1911, 
811); dielectric constant (Jahn and Mollor, 
Zeitsch. physikal. Chom. 13, 386). Heated 
with aluminium chloride, bromobenzene yields 
benzene and isomeric dibromo benzenes (I)um- 
reicher, Ber. 1882, 15, 1867) ; with sodium 
methoxide at 200° airisole, phenol, and a small 
quantity of benzene are formed (Blau, Monatsh. 
7, 626). Sodium in ether yields hydrocarbons 
of high molecular weight and a dark-blue sub- 
stance (Weiler, Ber. 1896, 29, 115 ; Mohr, J. pr, 
Ghem. 1909, [ii.] 80, 315) ; ethyl oxalate and 
sodium in absolute ether yield benzoic acid and 
' aph.mylcnrV^ml (Frey, Her. 1895, 28, 2315). 

' ulphuric acid, bromobenzene 
yields 1:3: 5-dibromol)orizcno sulphonie acid 
and a bromobenzene disulphonic acid (Herzig, 
Monatsh 2, 192) ; nitric acid (sp-gr. 1'5) gives 
1:2: 4-l3roraodinitrobenzonc together with o- 
and p-bromonitrobenzenes (Bandrowski, Bull. 
Acad. Sci. Gracow, 1900, 193). Hydriodio acid 
and phosphorus arc without action on bromo- 
bonzeno at 218° (Klages and Liccko, J. pr. Ghem. 
[ii.] 61, 319). 

Chlorobenzene, Phenyl chloride, GflHsCl. 
Prepared by the aotir-' -V'-Ti’ — penta- 

ohloride on phenol , ■ ■■ • . ,■ 'jaurent, 

Anualon, 75, 79) ; by heating benzene with 
thionyl chloride at 150° (Dubois, Zeitsch. 
Ghem. 1866, 705) or with sulphur chloride 
at 250° (Schmidt, Ber. 1878, 11, 1173); by 
the electrolysis of a strong hydrochloric acid 
solution of cupric chloride in the pj'esonce of 
benzene diazonium chloride using copper 
electrodes (Votooek and ZeniSclc, Ghem. Zcntr. 
1899, i. 1146 ; c/. Walter, J. pr. Ghem. 1896, 
[ii.] 53, 427) ; by diazotising aniline and heating 
the product with cuprous chloride (Sandracycr, 
Ber. 1884, 17, 1633) ; by the action of chlorine 
on benzene in the presence of aluminium 
chloride (Mouneyrat and Poxiret, Gompt. rend. 
1898, 127, 1026), ferric chloride (Thomas, ibid. 
1898, 126, 1212), or a mixture of finely divided 
iron and ferric chloride (D. R. P. 219242; J. 
Soc. Ghem. Ind. 1910, 619), 

Chlorobenzene is a colourless liquid, b.p. 
13P8° (757 mm.) (Perkin, Ghem. Soc. Trans. 
1896, 387 ; of. Ramsay and Young, ibid. 1885, 
642, 654; Fuchs, Zeitsch. angew, Ghem. 1898, 
869) ; m.p. -—45° (corr.) (Schneider, Zeitsch. 
physikal. Ghem, 19, 155) ; sp.gr. 4°/ 4° 1*1230, 
15°/15° 1*1125, 25°/25° 1*1042, 50°/50° 1*0868, 
100°/100° 1*0623 (Perkin, l.c.); critical tem- 
perature 359*2° (Young, Zeitsch. physikal. 
Ghem, II, 590 ; Schneider, ibid. 70, 620) ; 
vapour pressure (Young, Ghem. Soc. 'Trans. 
1 889, 90, et seq. ) ; absorption spectrum (IMiica*, 
Ghem. Zentr. 1896, i. 1122 ; Purvis, Ghem. Soc. 
Trans. 1911, 811) ; magnetic rotation (Perkin. 
l.c .) ; dielectric constant (Jahn and Mollor, 
Zeitsch. physikal. Ghem. 13, 387). By iMssing 
the vapour of chlorobeiizeno over red-hot iron 
filings, diphenyl, mono- and di- ehlorodiphcnyl 
and ('-■■•■b--.. are formed (Kramers, 
Anna] IsO, !:!5;. On heating with sodium 

in carbon tetrachloride -'r'"’' . hexa- 

phonylbonzeno and ■ 1 ' . ! 1 >duccd 


(Schmidlin, Gompt. rend. 1903, 137, 69), whilst 
Avith aluminium chloride the products are the 
chlorides of 4 : 4'- and 2 : 4'-dichlorobenzo- 
phenone.s (Norris and Green, Amer. Ghem. J. 
1901, 26, 492 ; Norris and Tweig, ibid. 1903, 
30, 392). Chlorine in the sunlight yields 
GgHgCLGl^, GBH 4 Clg, and other products ; in 
the pre-sence of dilute sodium hydroxide, a- and 
j8-chlorobenzene hexachlorides are produced 
(Matthews, Ghem. Soc. Trans. 1891, 167 ; 1892, 
103). Bromine in the presence of aluminium 
chloride yields p-chloro bromobenzene and other 
products (Mouneyrat and Pouret, Gompt. rend. 
1899, 129, 605) ; sulphuric acid and iodine 
yield ehlorodiiodobcnzene (01 : l 2 =l : 2 : 4), 
ohlorotriiodobenzcnc (G1 : l 3 =l : 2 : 4 .* 6) and 
other products (Istrati, Ghem. Zentr. 1897, i. 
1161). Ghlorobenzono remains unchanged on 
heatmg with hydriodic acid and phosphorus at 
302° (lOagos and Liccki, J. pr. Ghem. [ii.] 61, 
319). Nitric acid at 0° gives o-, m-, and p- 
ohloronitro benzenes, the yields being 29*8, 0*3 
and 09-9 p.c. respectively (Holleman, Proc. K. 
Akad. Wetcnsch. Amsterdam, 1905, 7, 266). 
Oxidised by sulphuric acid and manganese 
dioxide to formic and p-chlorobenzoic acids. 
Has been recommended as a solvent for resins 
(Andbs, Ghem. Rev. Fett. Harz-Ind. 1906, 13, 
32). For stability o" Til g'-.id-il benzenes t>. 
Lowenhex’Z (Zeitsch. "b,' • ■•i ' !■ Gl.ei' . 1899, 29, 
401); Vandevcldo -yda w.. Zenir. 1898, i. 
438). 

lodobenzene. Phenyl iodide, GoI-IjI. Pre- 
pared by the action of phosphorus triiodide on 
phenol (Scrughara, Annalcn, 92, 318) ; by 
heating a mixture of benzene and iodine with 
aluminium chloride (Green, Gompt. rend. 90, 
40), ferric chloride (Moyer, Annalcn, 231, 196), 
or Avith ---V’-'-i-'- 'Neumann, ibid. 241, 84; 
Istrati ! ■ i ■ • Ghem. Zcntr. 1892, i. 

625), in the last motiiod higher halogonatcd 
compounds also being formed ; by the inter- 
action of benzene and sulphur iodide in the 
presence of nitric acid (Edinger and Goldberg, 
Ber. 1900, 33, 2876) ; by heating phenyl hydra- 
zine AA*ith excess of iodine in potassium iodide 
solution (Moyer, J. pr. Chom. [ii.] 36, 115) ; by 
heating benzene AAdth potassium iodate and 
dilute sulphuric acid (Peltzer, Annalon, 130, 
■jo't; . c.r^rU*,-.v„ fi TiQ jodiiio 

• J. 1861, 349; 

lodobenzene is a colourless liquid, h.p. 
188*36° (766*75 mm.) (Foitler, Zeitsch. physikal. 
Ghem. 4, 71); m.p. —28*5° (corr.) (Schneider, 
ibid. 19, 157; c/. PJaase, Ber. 1893, 26, 1053); 
sp.,gr. 4°/4° 1*8551, 15°/15° 1*8401, 25°/25° 
1*8283, 50°/50°] *8067, 100°/100° 1*7832 (Perkin, 
Ghem. Soc. Trans. 1896, 1243) ; vapour pressure 
(Young, ibid. 1889, 490, 510) ; heat of combus- 
tion 770*0 Cal. (Berthclot, Gompt. rend. 130, 
1098) ; magnetic rotation (Perkin, l.c.) ; absorp- 
tion spectrum (Pauer, Ghem. Zentr. 1896, i. 
1122; Purvis, Ghem. Soc. Trans. 1911, 2318). 
lodobenzene is recinced to benzene by sodium 
amalgam in alcohol; Avith aluminium chloride 
it yields benzeme, isomewio diiodobenzenes, 
liydi'ochloric acid and iodine (Dunireicher, Ber. 
1882, 15, 1868); Avith silver nitrate at 146° 
picric acid is formed (Geuthcr, Annahm, 246, 
100); oxidised by Caro’s acid t : ] ■ ■ ’ .■ ■ 

(Bamberger and Will, Ber. . 
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Nitric acid (sp.gr. 1-5) yields o- and p-niiroiodo- 
b6nzene.s (Korner, Gazz. cliim. ital. 4, 305) ; 
chlorino in chloroform solution gives a dichloride 
(Willgerot, J. pr. Chem. [ii.] 33, 155). lodo- 
benzene is unchanged by heating with hydriodic 
acid and phosphorus at l82° (Klages and Liecke, 
ibid. 61, 319) ; actioir of ferric chloride and 
ferric bromide v. Thomas (Compt. rend. 128, 
1677). 

Nitrobenzene v. Benzene. 

Phenyl azoimide, Triazobenzene, Diazoben- 
zeneimide CeHjNs. Prepared by the action of 
ammonia (Greiss, Annalen, 137, 68) or of phenyl- 
hydrazine (Oddo, Gazz. chim. ital. 20, 798) on 
diazobenzene perbromide ; by the action of 
nitrous acid on phenylhydrazine at 0“ (Dimroth, 
Ber. 1902, 35, 1032 ) ; by pa.ssing nitrosyl 
chloride into a solution of phenylhydrazine in 
glacial acetic acid (Tilden and Millar, Chem. 
Soo. Trans. 1893, 257) ; by heating nitroso- 
■’ with dilute potassium hydr- 

‘ er, Annalen, 190, 92) or with 

alcoholic hydrochloric acid (0. Fischer, Ber. 
1886, 19, 2995) ; by the interaction of stannous 
chloride and diazobenzene chloride in hydro- 
chloric acid solution (Culmann and Gasiorowski, 
J. pr. Chem. [ii.] 40, 99), or of diazobenzene 
sulphate and sodium azide or hydrazine (Noel- 
ting and Miohcl, Ber. 1893, 26, 86, 89) ; by the 
action of sodium h — --■'-’'-o-, • 

carbazide or on p ^ 

rapsky, ibid. 1907, 40, 3033 ) ; or together 
■with other products, by the interaction of 
phenylhydrosylamine and hydroxylamino in 
the presence of a mineral acid (Bamberger, ibid. 
1902, 36, 3896). 

Phenyl azoimide is a pale yellow oil having 
an aromatic-animoniacal smell, b.p. 73-6® at 
22-24 mm. ; sp.gr. 0®/4° 1-12399 (Oddo), 10°/10° 
1-0980, 25725 ° 1-0853 (Perkin, Chem. Soc. 
Trans, 1896, 1245) ; insoluble in water, soluble 
in alcohol or ether. Explodes on distillation 
at atmospheric pres.sure. On heating with 
concentrated hydrochloric acid, it decomposes 
into nitrogen and 0 - and j5-chloranilines (Greiss, 
Ber. 1886, 19, 313), Strong sulphuric acid 

■ ■’■■■' very dilute acid yields 

■ ' ■ ■ '. !'■. ■ of bromine gives tri- 

ind Ga.siorowski, J. pr. 
Chem. [ii.] 40, 97). Eeduction in alcoholic 
solution with sodium analgara gives hydrazo- 
benzene (Ourtius, ibid, [ii.] 52, 210), with zinc 
and hydrochloric acid ammonia and aniline. 
Hych-azine hydrate yields benzene, ammotiia 
and nitrogen (Ourtius and Dedichen, ibid, [ii.] 
50, 252). Phenyl azoimide yields triazo com- 
pounds by condensation 'with substances con- 
taining a reactive methylejie group (Dimroth, 
Ber. 1902, 35, 4041) ; it reacts with alkyl 

b:"- '■-■■ling diazoamino com- 

. ' . ■ . ■ . ■ )03, 36, 909). 

[•.-((■'lyl woeyanate, Carbanil 

' I’o p by distilling oxanilidc 

(Hofmann, Annalen, 74, 3.3), diphenyluroa (J. 
1858, 348) or phenylurethano (Bor.* 1870, 3, 
655) with phosphorus pentoxidc ; by distilling 
oxanilyl chloride (A.sohan, ibid. 1890, 23, 1825) ; 
by heating phenylthiocarbimide with mercuric 
oxide (Kiihn and Liebert, ibid. 1.536); by 
decomposing diazobenzeno sulphate with potas- 
.sium cyanato and copper powder (Gattermann, 
ibid. 1225; 1892, 2.5, 1086); by passing pho.s- 


gene over fused dijohenylurea or better over 
fused aniline hydrochloride (Hentzchel, ibid. 

1884, 17, 1284; c/. D. R. P. 19919; Erdl. i. 
578). 

Phrnyknrb'mido is a colourless liquid, the 
; vapenr 01 excites tears; b.p. 166° at 

' 769 mm. (Hofmann, Ber. 1885, 18, 764) ; sp.gr. 

I 1-092 at 15°. With water it 3 delds diphenylurea, 

I with alcohol phenylurethane, and with ammonia 
■ monophenylurea. It is much used as a reagent 
for detecting the presence of hydroxyl and imino 
groups : condensation with alcohols {v. Hof- 
mann, Annalen, 74, 16 ; Ber. 1871, 4, 249 ; 
Tessmer, ibid. 1885, 18, 968 ; 1886, 19, 2606 ; 
Snape, Chem. Soc. Trans. 1886, 770 ; Gumpert, 

J. pr. Chem. [ii.] 32, 278 ; Bloch, Bull. Soc. 
chim. [hi.] 31, 49, 71) : with phenol {v. Leuok- 
hart and Schmidt, Ber. 1885, 18, 2338). By 
heating with dilute hydrochloric acid, am- 
monium chloride, aniline, and carbon dioxide 
are produced ; with acetic acid, diphenylurea, 
and traces of aniline and acetanilide (Dieckmann 
and Kammerer, ibid. 1907, 40, 373) ; with acetic 
anhydride at 170° acetanilide, benzene and 
carbon dioxide (Gumpert, J. pr. Chem. [ii.] 31, 
121) ; with potassium acetate at 100° triphenyl- 
fsocyainirate (Hofmann, Ber. 1885, 18, 765). 

It combines with prussic acid in benzene after 
the addition of a few drops of pjnidinc to form 
cyanoformanilide (Dieckmann and Kammerer, 
ibid. 1905, 38, 2977), and with hydrogen chloride 
to give chloroformanilide (Hentzchel, ibid. 1.885, 

18, 1178), Heated in sealed tubes at 180*''it 
yields (StolM, ibid. 1908,*“"- 

41, 112 , ; ■ . 0 it gives aniline. It 

combines with two atoms of chlorine or bromine. 
With benzene in the presence of aluminium 
chloride it gives bonzanilide (Lcuokhart, ibid. 

1885, 18, 873 ; J. pr. Chem. [ii.] 41, 301). 

Phenyl cyanide, benzonitrile v. Nitriles. 

Phenyl fsocyanide, Phenylearbylamine v. 

Nitriles. 

Phenylhydroxylamine v. Hydeoxylamine. 
Phenylthiocarbimide, Phenyl wothioeyanate, 
Phenyl mustard oil CpHjN : 0 : S. Prepared 
by heating ■ noth phosijhorus 

pentoxide •■■.■'. i "58, 349), concen- 
trated hydrochloric acid (Weith and Merz, 
Zeitsoh. Chem. 1809, 589), ■■■’■ - , -- 

(Hofmann, Bor. 1882, 15, 986), . , ... 

(Werner, Ghem. Soc. Trans, 18. '• ,■ . 

phthalic anhydride (Dunlap, Amer, Ghem. J. 
1898, 18, 332), in the last method phthalanilic 
acid also being formed. By heating phenyl 
fsoc.yanide with sulphur (Weith, Ber. 1873, 6, 
211), phenyl thiohydantoin with carbon disul- 
phide (Dixon, Chem. Soc. Trans, 1897, 628) or 
phenyl c---' '— -r .----I with phos- 
phorus ■ i. ■ ! . . ' Tichael'and 

Palmer, Amer. onem. <j. 6, 2aoj; oy the inter- 
..j.,:... ...j'i.i. . ;,nd aniline (Rathfce, Bor. 

S- ■ : . - with the hydriodide of 

I ' ' ■ i ■■ i ■ ■ ' aniline by heating an 

. . ‘th iodine 

(Hofmann, 186 ■. -.;, v; , il , J. Rus.s. 
Phys. Ghem. Soc. 10, 184). 

-j -,1 I. .■,..■ 1 . unpleasant smell- 
ing .i. . " ■■■r.); sp.gr. 4°/4° 1-1477, 

16° .. !- 1 -1314 (Perkin, Chem. 

Soc. Trans. 1896, 1204). By boiling with 
water 'I'-V _ sulphuretted hydrogen 

and cc . j produced (Bamberger, 
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Per. 1881, 14, 2402 ) ; glacial acetic acid at 130® 
yields acetanilide, carbon oxysulj)lndc, and 
dipbenylurea (Werner, Chein. Soc. Trans. 1891. 
548; Claus and Vdltekow, Ber. 1881, 14, 445; 
Gumpert, J. pr. Ghem. [ii.] 32, 294 ; Cain and 
Cohen, Chem. Soo. Trans. 1891, 327) ; whilst 
with thioacetic acid it gives acetanilide. It 
combines with ammonia and substituted amines 
yielding substituted thioureas. Chlorine forms 
an addition product ; copper powder at 200° 
yields benzonitrile. Reduction with hydro- 
chloric acid in absolute alcohol gives aniline and 

’-1-’— (Pinner, Ber. 1881, 14, 1083), 

' . amalgam in neutral solution 
gives I'"’ ■ and methyl mercaptan 

(Gutb; . ■ . i. ■■■',:! 1, 2033). Sulphuric acid 

gives carbon disulphide and - 
(Proskauer and Sell, ibid. 
malonic acid yields diphenylurea and acetani- 
lide, succinic acid succinanil, and sebacic acid, 
the dianilide of the acid (Bdnoch, Co rapt. rend. 
130, 292). By condensing phenylthiocarbimide 
with aliphatic monohydroxyalcohols, phonyl- 
thiourethanes are produced (Hofmann, Ber. 
1870, 3, 772 ; Orndorff and Wheeler, Amor. 
Chem. J. 1899, 22, 458), with phenol phenyl-t|/- 
phenylthiocarbamic acid (Dixon, Chem. Soc. 
Trans. 1890, 268 ; Snape, ibid. 1896, 98) and 
with aroma I'", ’•v’' nhenol ethers 

substituted ■■ ■ (i ■ , ■ ■ ■ ■ , J. pr. Chem. 

1899, [ii.] 59, 572). Bromine and alcohol in 
ethereal solution give a dibromo additive com- 
pound and p’ — -ij-i-v. — i--— oxide (Fromm 
and Heyden, -1 ■■. I ■ t 1;!. 3'' 0 ; Freund and 
Bachrach, Annalen, 285, 184 ; Hantzsch and 
Wolverkampf, ibid, 331, 265). 

Phenylthioeyanate, OeH^S-CiN. Prepared 
by the action of thio cyanic acid (Billeter, Ber. 
1874, 7, 1763) or of cuprous thiocyanate (Gutter- 
mann and Haussknocht, ibid. 1890, 23, 739) on 
diazobenzene sulphate ; by passing cyanogen 
chloride into an alcoholic solution of the lead 
salt of thiophenol (Billeter, l.c.). 

It is a colourless liquid having a Icek-likc 
smell, b.p. 231° (corr.) ; sp.gr. 1‘155 at 17-5°. 
Concentrated hydrochloric acid at 180°-200° 

^ -bon dioxide; 

. i ■ , gives thio- 

phenol. 

PHENYLACETIC ACID, a-ioMc acid 
CgHB-CHyCOaH 

is prepared by the hydrolysis of benzyl cyanide 
(Cannizzaro, Annalen, 1855, 96, 247 ; Mann, 
■Ber. 1881, 14, 1045 ; Staedel, ibid. 1886, 19, 
1949). It has been obtained by fusing phenyl- 
malonic acid (Wislicenus, ibid. 1894, 27, 1094); 
by boiling vulpic acid with baryta (MoUer and 
Strecker, Annalen, 1860, 113, 64) ; by fusing 
atropio acid with potassium hydroxide (Kraut, 
ibid. 1868, 148, 242) ; by reducing mandelic 
acid (Brown, Zeitsch. Chem. 1865, 443) ; by 
heating phenylchlorovinyl ethyl ether with 
alcoholic potassium hydroxide (Nef, Annalen, 

1899, 308, 318) ; and by !,■ r .■ ’ y witer 

the product of the aotior I ■ sr- . s .on 
an ethereal solution of magnesium benzyl 
chloride (Zelinsky, Ber. 1902, 35, 2692). It 

occurs together with -*-.-., 1 - 

among the .oducts 

of certain ■ . ' . . ■ , rier. jlo/O, 12 , 

649 ; Zeitsch. jjhysiol. Ghem. 1888, 2, 420 ; 
1892, 9, 507), and the two are readily separated 
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the fractional crystallisation of the zinc salts 
^alkowski, ibid. 1892, 10, 150). According to 
Englor and Low (Ber. 1893, 20, 1486) the 
presence of henzenoid hydrocarbons in mineral 
oil may not be exclusively due to a pyrogeiietic 
process, but may arise from the phenylacetic 
produced by the decay of proteid matter. 

Phenylacetic acid crystallises in thin leaves, 
m.p. 76-5°, b.p. 265-5° (corn), 144-2‘'’-144-S°/12 
mm. (Anschutz andBerns, Ber. 1887, 20, 1390), 
sp.gr. 1-0778 at 83°, 1-0334 at 135°/4° (MoUer 
and Strecker, l.c.), or 1-228 at 4° (Schroder, Ber. 
1879, 12, 1612) ; the magnetic rotatory power 
IS 12-743 (Perkin, Chem. Soc. Trans. 1896, 
1079) ; and the molecular heat of combustion 
933-2 Cal. (Stohmann, IHeber and Langhein, J. 
pr. Chem. 1889, [ii.] 40, 128). In its physiological 
action phenylacetic acid difiers markedly from 
phenylpropionic acid which is completely oxi- 
dised to benzoic acid when administered as a 
food to a dog, whilst phenylacetic acid is con- 
verted under similar conditions into pJmiaceturic 
acid CbH5-CH2-CO-NH-GH2‘C02H, m.p. 143° 
(E. and H. Salkowsld, Ber. 1879, 12, 653). 
When fed to fowls phenylacetic acid combines 
with ornithine to produce phenylaceto-ornithuric 
acid 

C6HB-0H2-C0-llH[CH2]3CH(NH-C0-CH2-CeH5)C02H 
(Totani, Zeitsch. physiol. Chem. 1910, 68, 75). 

/Saffo.— Calcium salt (CsH-0o)„Ca,3H,0 

(Kraut, l.c.)-, barium salt (C8H^02)a“Ba,3H;0 
loses 2 -JH 2 O at 150° ; lead salt 
(G8H,02)2Pb,H20 

(Guye, J. 1884, 468) ; silver salt CgH^OoAg ; 
yttrium salt (GgH[,02)3Y,3H20 is insoluble 
(Pratt and James, J. Amer. Chem. Soc. 1911, 
33, 1330) ; the brucine salt 

G23H2o04N2-OsH302,1-JH20 

has m.p. 130°-131°, [a]|'^''-30-5° in 5 p.c., and 
—32-2° in 24 p.c. chloroform solution (Hilditch, 
Chem. Soc. Trans. 1908, 1388). 

Esters. — Methyl ester, kp. 220°, sp.gr. 
1-044 at 16° (Radzisjewski, Ber. 1869, 2, 208) ; 
chloromethyl ester, b.p. 138°-140°/16 mm. 
(Descude, Compt. rend. 1902, 134, 716) ; ethyl 
ester, b.p. 227-3°, sp.gr. 1-0555 at 4°/4° ; 
1-0462 at 15°/15°, or 1-039 at 25°/25° (Perkin, 
Chem. Soc. Trans. 1896, 69, 1238) ; propyl ester, 
b.p. 238°, sp.gr. 1-0142 at 18° (Hodgkiusoii, 
ibid. 1880, 34, 483) ; Mobutyi ester, b.p. 247° 
(Hodgkinson, l.c. ) ; active amyl ester, b.p. 
265°-266°/722-7 mm., sp.gr. 0-982 at 20°/4° ; 
71^ 1-4872 at 21°; [a]jj+3'84° at 22° (Guye and 
Ohavanne, Bull. Soc. chim. 1896, [iii.] 15, 292) ; 
benzyl ester, b.p. 317°-319°, sp.gr. 1-101 
(Slawik, Ber. 1874, 7, 1066), b.p. 270°/160mm., 
.sp.gr. 1-0938 at 170° (Hodglanson,f.c.) ; menthyl 
ester, b.p. 192°-197°/10 mm. ; sp.gr. 1-002 at 
20°/4°; 0-9400 at 100°/4°; [a]3^-68-70° at 
20° (Tschugaeff, Ber. 1898, 31, 2451 - Cohen 
and Dudley, Chem. Soc. Trans. 1908, 1749) ; 
phenyl e,ster, m.p. 42°, b.p. 158°/17 mm. 
(Stoermer and Biesenbach, Ber. 1905, 38, 
195 ? - . ’ -^er, m.p. 28°, b.p. 330° 

(voi ' ■ ■. 1900, 33, 1720). 

,■ ■ CeHB-CHa-COCl has b.p. 

95-l“-9b-8”/i2 mm., 102-6°/17 mm., 104°- 
106°/23 mm., or 170°/250 mm. ; sp.gr. 1-16817 
at 2074 °, 1-856 at 4°/4°, 1-1753 at 11°/15°, 
1*1674 at 15°/15° ; and yields the anhydride, 
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m.p. 72-5°, on heating with oxalic acid {Anschiitz 
and Berns, Ber. 1887, 20, 1389 ; Schott, ibid. 
1896, 29, 1986 ; Perldn, Chem. Soc. Trans. 
1896, 69, 1244). 

Phenylacetumide Cfillg-Gl-B-CO-NH 2 has m.p. 
154°-155°, b.p. 2Sl°-284° “(Weddige, J. pr. 
Chem. 1873, [ii.] 7, 100) ; the diethylamide has 
m.p. 86°, b.p. 295°-297° (oorr.) ; the diphenyl- 
amide has m.p. 72° (Hausknecht, Ber. 1889, 
22, 324) ; the hydrazide has m.p. 116° ; the 
azoimide is a colourless oil and yields with 
bromine a crystalline compound, m.p. 121° 
(Boetzelen, J. pr. Chem. 1901, [ii.] 64, 314). 
PJienylacehtronitnk CgHg-OHa'CO-lSIH-OHa-CN 
has m.p. 90-5° ; ethyl phenylaeeturate, m.p. 
82° (IQages and Haack, Ber. 1903, 36, 1646) ; 

‘A-. ■ . m.p. 113° (Diels, ibid. 

* * . »• . . 

Phenylacetic acid and the derivatives 
described above contain a methylene group of 
similar reactivity to that in malonic acid, ethyl 
aoetoacetate, &c., and they therefore undergo 
the Claisen condensation (Boesoken, llec. trav. 
chim. 1896, 15, 161 ; Hodgldnson, Chem. Soc. 
Proc. 1886, 188) ■ form condensation products 
with aldehydes (Rohmer, Ber. 1898, 31, 281 ; 
Boetzelen, J. pr. Chem. 1901, [ii.] 64, 314) ; 
react with ethyl nitrate and nitrite (Muller, Ber. 
1883, 10, 1617 ; 2985 ; Wishcenus and Griitzner, 
ibid. 1909, 42, 1930 ; Noelting and Ivadiera, ibid. 
1906, 39, 2006) ; and form halogen substituted 
and amino derivatives that contain an asym- 
metric carbon atom and have been resolved 
into their optically active constituents (Easter- 
field, Ghem. Soo. Trans. 1891, 71 ; Walden, 
Ber. 1895, 28, 1287 ; Zeitsch. physikal. Chem. 
1895, 17, 705 ; Bischoff, Ber. 1897, 30, 276; 
Kossel, ibid. 1891, 24, 4145 ; Stadnikoff, J. 
Russ. ]?hys. Chem. Soc. 1906, 38, 943 ; Ehrlich 
and Wendel, Biochem. Zeitsch. 1908, 8, 438 ; 
Eischer and Weichhold, Ber. 1908, 41, 1286 ; 
Betti and Mayer, ibid. 2071). 

In addition to the derivatives already 
described or to which reference has been made, 
phenylacetic acid forms a series of suljstituted 
derivatives in which the substituent has replaced 
hydrogen of the benzene ring. With the 
exception of a dihydroxy derivative {homogenlisic 
acid), the compounds belonging to this series 
are not of sufFiciei ' ' . ‘ f r the pui^pose 

of this article to i i ' • description ; 

and for the preparation and pro^jcrties of the 
halogen, nitro and nitro-halogen, &c., derivatives, 
see Jackson and Lowery, Ber. 1877, 10, 1209 ; 
Jackson and Field, Amer. Chem. J. 2, 85 ; 
Mabery and Jackson, Ber. 1878, 11, 55 ; Zincke 
and Bottchor, Annalen, 1905, 343, 100 ; Maxwell, 
Ber. 1879, 12, 1764; Bedson, Ghem. Soc. 
Trans. 1880, 90 ; Gabriel, Ber. 1881, 14, 2341 ; 

1882, 15, 8.34, 1992 ; Gabriel and Meyer, ibid. 
1881, 14, 823 ; Gabriel and Borgmann, ibid. 

1883, 16, 2064 ; Moyer, Ghem. Zentr. 1885, 516 ; 

Ber. 1888, 21, 1300; Bedson, ibid. 1877,' 10, 
530, 1657 ; Jackson and Robinson, Amer. 
Chem. J. 11, 541 ; Jaclrson and Carlton, ibid. 
1904, 31, 360 ; Jackson and Shortt Smith, 
ibid. 1904, 32, 168; Roissert, Ber. 1908, 41, 
3921 ; Traube, ibid. 1882, 15, 2110 ; and 
M y; 1889, 22, 3207). 

acid, 2 •. 5-dihiydroxyphenyl- 
acetic acid, quinolacetic acid 

C,H3(OH)2CHo-G02H, 


occurs in the urine of certain individuals 
suffering from alcaptonuria, the name alcapion 
being apphed by Bodekor (Zeit. rat. Mod. 
1859, 7, 130) to a reducing substance occurring 
in certain urines that became brown on addition 
of alkali in the presence of oxygen {compare 
also Kirk, Brit. Med. J. 1888, 2, 232; 1889, 
2, 1149). The acid was first isolated and 
identified by Wolkow and Baumann (Zeitsch. 
physiol. Chem. 1894, 15, 228), and the name 
liomogentisic acid applied to it. Homogentisic 
acid occurs also in the blood serum of alcap- 
tonurics (Abderhalden and Ealta, Zeitsch. 
physiol. Chem. 1903, 39, 143) ; but the state- 
ments that it is found in sugar-beet juice 
(Gonnermann, Chem. Zeit. 1899, 23, 213) and 
in seedlings (Bertel, Chem. Zentr. 1903, i. 178) 
have not been confirmed by later investigations 
(Schulze, Zeitsch. physiol. Chem. 1907, 50, 608 ; 
Schulze and Castoro, ibid. 1906, 48, 396). 

Origin of homogentisic acid in the organism. 
According to Embden (Zeitsch. physiol. Ghem. 
1895, 17, 182 ; 18, 304) ; Wolkow and Baumann, 
(Z.c.) ; Mittelbach (Chem. Zentr. 1901, ii. 1213) ; 
Neubauer and Ealta (Zeitsch. physiol. Chem. 
1904, 42, 81) ; Blum (Arch. exp. Path. Pharm. 
1908, 59, 273) ; and Neubauer (Deut. Archiv. 
IClin. Med. 1909, 95, 2n), homogentisic acid is a 
degradation product of phenylalanine and tyro- 
sine, and in the normal individual it undergoes 
ultimate oxidation to carbon dioxide and water, 
but owing to an idio.syncrasy in metabolism the 
alcaptonuric excretes the acid without further 
change. JDakin and Wakeman (J. Biol. Chem. 
1911, 9, 139, 151), however, maintain that 
alcajitonuria represents a condition in which the 

formation o'' ’ ■ acid is abnormal as 

weU as the : is katabfdism when 

formed, for such individuals havm not lust their 
power to katabolise simple derivj.livf--, jd.i-aC ■ 
alanine and tyrosine (c.r/. i j;,",!,;.... 

or p-methoxyphenylalauine) provided their 
structure is such that the formation of substances 
of the type of homogentisic acid is excluded. 

'rhe mechanism of the change whereby 

tyrosine is converted ’'u 'I ' 

.somewhat obscure. . ■■ ■ I: . . 

Eriedmann (Beitr. Cl • \ ■ . 

11, 304), Neubaue . 

physiol. Chem. 1911, 72, 113), the side chain is 
first degraded, then a relative change of position 
of the side chain and the hydroxyl group, and 
a secondary oxidation take place concurrently 
HO\ /CH„-COoH 

gh2-ch(NH 2)C02H y “ “oh 

" II i'^'" pla-COgH 

0^ OH 

Hoinogontisic acid. 
The average excretion of homogentisic aciid 
in cases of alcapfijnuria is fairly uniform 
(Garrod and Hole, J. Physiol. 1905, 33, 198) ; 
the amount is, however, increased by the admin- 
istration of tyro.sine or phenylalanine, or of 
peptides or proteids that yield tyrosine on 
hydrolysis (Embden, Zeitsch. physiol. Chem. 
1895, \l, 182 ; 18, 304 ; Ealta and Langstoiii, 
ibid. 1903, 37, 513; Neubauer and Ealta, ibid. 
1904, 42, 81 ; Abderhalden and Bloch, ibid. 
1907, 52, 435 ; 53, 464 ; Abderhalden, Ma.ssini, 
ibid. 1910, 60, 140 ; Blum, l.c. ; Neubauer, l.c.). 
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Homogentisic aoid has been synthesised by 
heating quinol dimethyl ether di.ssolved in 
carbon disulphide with ethylchloracetate and 
aluminium chloride, and ■ . ■ ' ’ '■ jlysis 

with rcfi phosj)horus and acid 

of the methyl ether of hoinogeiitisio acid thus 
obtained (Osborne, Proc. Physiol. Soc. 1903, 
13, 14). 

Homogentisic acid forms prisms that melt 
at 14O-0°-J47°, and pass into the lactone 

OH-CeH,<g“>GO, 

m.p. 191°. The lead salt Pb(C8H704)2,3H2O 
has m.p. 214°-215°, is soluble in 675 parts of 
water at 20°, and advantage is taken of this 
sparing solubility in the i.soiation of the acid. 
The ethyl ester has m.jJ. 119°-120° ; the dimethyl 
ether (6Me)aCBlla-CH2-C02l-r has m.p. 124-6“ ; 
and its melhyl ester (OMo)208H3‘Cll2'CO2Me, 
m.jj. 45° (Wolkow and Baumann, Zeitsch. 
physiol. Chem. 1894, 15, 228 ; Baumann and 
Eriinkl, ibid. 20, 221). Dihenzoylhomogentis- 
amide has m.p. 204° (Orton and Garrod, J. 
Physiol. 1901, 27, 89). Homogentisic acid 
reduces copper and silver salts readily, gives a 
blue colour with ferric chloride, and yields 
gentisic acid (2 : O-dihydroxybenzoic aoid) and 
quinol on fusion with potassium hydroxide at 
196°-19S°. For the chemistry of the colour 
reactions alforded by - -f---- -.jd with 

amines, sea Morner, / . ■ ■ ■ . Chem. 

1910, 69, 329. 

Estimation. — Homogentisic acid in urine is 
estimated by y .• 

silver nitrate. ■ ■ . . ■ ■ . urine, 10 c.c. 

of ammonia solution (8 p.c.), 20 c.c. of N/10 
silver nitrate solution are xdaced in a flask, after 
five minutes 5 drops of calcium chloride and 10 
drops of ammonium carbonate solution are added, 
the solution made up to 50 c.c., and the silver 
estimated in half the filtrate. One molecule of 
liomogontisic acid reduces 4 atoms of silver 
(Baumann, Zeitsch. x>hysiol. Chem. 1895, 16, 
268; Deniges,J. Pliarm. Chem. 1897, [vi.] 5, 60 ; 
Gar ! ’ if ■ . T. Physiol. 1905,33, 206). 

IM ! !;! ''i VI, M. \ N ! V i ^-fhenyl-a-aminopro- 
piunic acid, a-aminohydrocinnamic acid 
CoH6-CH2-CH(NHa)C02H 
was discovered in the etiolated seedlings of 
Lupinus luteus (Schulze and Barbiori, Ber. 1879, 
12, 1924 ; 1881, 14, 1785), and occurs in many 
other germinating plants (Schulze, Zeitseh. 
physiol. Chem. 1888, 12, 405; 1892, 17, 193; 
1894, 20, 306 ; 1896, 22, 411 ; 1900, 30, 241). 
Winterstein {ibid. 1904, 41, 485) found it among 
other jjroducts of jrroteid hydrolysis in Emmun- 
thaler cheese ; and Abderhaldcn and Barker 
{ibid. 1904, 42, 524) showed that it occurs in the 

urine of dogs suffering from pho-'i’ 

The naturally occurring ■ : 

' .riginates from the protein of 
plant, and it can also be 
.by the hydrolysis of a large 
number ot protcids {v. Pno'xniNS) by moans of 
hydrochloric aoid, stannous chloride, or baryta 
(Schulze and .Barbieri, Ber. 1883, 16, 1711; 
Zeitsch. physiol. Chem. 1884, 9, 03) ; it occurs 
in that fraction of the esterified products of hy- 
drolysis that boils at 13O°-16O°/0‘5 mm., and is 
isolated by i)rec;ipitation from the mixed esters 
by means of water (Fischer, ibid. 1901, 33, 412), 


or by means of its sparingly soluble copper salt 
(Schulze and Barbieri, J. pr. Clieni. 1883, [ii.] 
27, 337 ; compare. Scluilze and Winterstein, 
Ber. 1992, 35, 210). 

h^ynthesis. — ^Thc constitution of phenylalanine 
was tletermined by Erlonmeyer and Lipjj (Ber. 
1882, 15, 1006), who synthesised it from phenyl- 
acetaldehyde, hydrogen cyanide, and ammonia 

GbHs-CHs-CHO C6H5-CH,-CH(NHo)CN 

Co1-Is-CH2-CH(NH2)C02H. 

Plochl {ibid. 1883, 16, 2815; 1884, 17, 1616) 
obtained it by the reduction and subsequent 
hydrolysis of ' ■ '' ' ■ ' . ' aoid 

obtained by the ■ ; i ■ ■ iehyde 

with hippuric acid in the presence of acetic 
anhydride — 

08H5-0H0-l-CH.,(NH-C0Ph)C0jH 

GgHs-CH: C(NH-COPh'('0.,H 

CfiHs-CHo-i.r Nii- OI'b,(.«)..i| 

-P 0„H£i-CH;-GH(NH2)C02H. 

For a complete explanation of the mechanism 
of this reaction which is more eomj)lex than 
indicated above, sea Erlonmeyer (Annalen, 1893, 
276, 1, 13) ; and Erlenmeyer and Kunhn {ibid. 
1899, 307, 146). 

For the preparation of synthetic phenyl- 
alanine Fischer’s method is the most practical 
(Ber. 1904, 37, 3062). It consists in the pre- 
paration of the corresponding broino-fatty acid 
starting with ethyl malomite and benzyl 
chloride, and treating this with ammonia — 

(G02Et)..GHa (CO,Et)oCH'CH2-08H5 
(CO„H)2GH-GlL-a8lIg 

(GOoH)2CBr-GHo'G8HB 

CO.,H.-CHBr-GHvGBHB 

00;H-01I(NHa)GH2-G3H5. 

For other methods of synthesis, sea Sorensen 
(Zeitsch. irhysiol. Chem. 1905, 44, 448) ; Wheeler 
and Hoffman (Amer. Chem. J. 1911, 45, 368).. 

The phenylalanine obtained by any of the 
synthetic processes described above is the 
racemic {dU) form, it can be resolved into its 
optically active isonierides by the fractional 
crystalli.sation of the oinohoaine salt of the 
benzoyl derivative (Fischer and Mouneyrat, 
Ber. 1900, 33, 2383), or the brucine salt of tbo 
formyl derivative (Fischer and Sclioeller, 
Annalen, 1907, 357, 1). d-3?henylalanine can 
be obtained by the selective action of yeast in 
a sucrose solutioir on - (Ehrlich, 

Biochem. Zeitsch. 190", 

bPhenylalanine crystallises in anhydrous 
shining plates or hydrated needles containing 
4 p.c. water (Schulze and Winterstein, l.c.), 
soluble in 32-4 parts of water at 25°, m.p. 278° 
(corr.) with decompjosition, — 36-1°, and 

has a slightly hitter taste (Fisehcr and Sehoeller, 
l.c.). The copper salt (Q, 11,1,0 gNjaCu is almost 
insoluble in water ; the hydrochloride 
0„Hii02N,HC1 

and hydrobromide are crystalline and stable ; 
the ethyl ester CsHjoN'GOoEt is an oil and forms 
a crystalline hydrochloride G8KioN'GOoEt,HCi, 
[a3|^ — 7-6° ; the formyl derivative forms sharj) 
four-sided jplates, m.p. 167° (corr.), and has 
[a]y^ +75-2° ; the brucine salt crystallises in 
warty masses from methyl alcohol ; the benzoyl 
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derivative is more readily soluble than that of 
the racemic form, and has not been obtained 
puiT . Schoeller, il.c.). 

j'- ' . ■ -1 the normal individual 

phenylalanine is completely destroyed in the 
system, and when administered as a food it causes 
110 increase in the amount of aromatic substances 
in the urine ; in certain abnormal cases {alcwpton- 
uria) the phenylalanine is not completely oxi- 
dised in the system and is excreted in the form 

of’ ’-■■■ ’d (v. PHENiTLAGETIO acid). 

r ' -I- , . , . ^ . 

in 35'2 parts of \V£, . ■ . . . - ! ■ ‘ 

(corr.), with decomposition ; -f-35-08° in 

2 p.c. aqueous solution ; in 3-5 p.c. 

solution of IS p.c. hydrochloric acid (Eischer 
and Mouneyrat, l.c.) ; and has a sweet taste. 
The hydrohromide forms silky needles, tlxa formyl 
derivative CioHiiOgN crystallises in needles or 
plates •75-43°, soluble in 145 parts of 

water at 27°, and melts at 167° (corr.) ; the 
bensoyl derivative OigHijOaN forms colourless 
needles, m.p. 145°-146° (corr.), 17-1° in 

7 p.c. N/1 alkali solution, the cinclionim salt 
melts at 180°-181° ; the phcnylisocyanate 
CioHibOsNs has m.p. 180°-18i° (corr.), 
[tt]^®'-[-61-27° in 8 p.c. alkali solution; the 
a-napMhylisocyanate OaoHjgOaNa has m.p. 150°- 
151° (Neuberg and Pioseuberg, Bioohcm. Zoitsch. 
1907, 5, 458). 

dZ-Phenylalanine crystallises from water in 
short stunted prisms, from alcohol in shining 
plates, dilHoultiy soluble in cold water ; it 
melts at 263°-265° with decomposition (Erlen- 
raeyer and Lipp, l.c.), or at 271°-273° (Sorensen, 
l.c.). The acidic dissociation constant is 
2-6xl0~“ and the basic dissociation constant is 
1-3X10~^2 (Kanitz, Plliiger’s Archiv. 1907, 118, 
537). The behaviour of phenylalanine on 
heating is characteristic, a small quantity 
sublimes unchanged (1-5 grms. yielded 0-06 grm. 
sublimate after 2^ hours at 200°/i-5-2 mm., 
Dakin, J. Biol. Chem. 1909, 6, 235), the remainder 
decomposes with evolution of carbon dioxide 
and water and formation of a residue of pJienyl~ 
lactimide [v. infra), and a distillate of phenyl- 
ethylamine (Schulze .and Barbieri, l.c. ; Erlen- 
meyer and Lipp, l.c.). On oxidation with 
chromic acid mixture phenylalanine yields 
phenylacetaldehyde and^hnaJly benzoic acid. ! 

In its physiological action di-phenylalanine i 
resembles the I- form, being completely oxidised ! 
in the organism of the normal individual, and ' 
' — - *1 • . 1- - , - - - cages of I 

■ ■ . , . I , onversion of racemic j 

phenylalanine is less complete than that of the ; 
I- form (IMta and Langstein, Zeitsch. physiol. I 
Ohem. 1903, 37, 513). After intravenous or ^ 
subcutaneous injection of di-phenylalanine in | 
cats or dogs, a largo amount is excreted un- \ 
changed, and part is converted into d-carbamido- I 
7 ■’ acid (Dakin, J. biol. Chem. ! 

Derivatives of dl-phenylalanine. The hydro- 1 
chloride 09Hii02N-IiCl, the platinichloride 

(OBHuOaNja-HaPtClo, 

the nitrate OoHnOaN-HNOa, the sulphate 
(CaHii02N)2H'aS04, the picrate 

C^HiiOaNjaOoHaOyNa 


m.p. 173°, and picroionaie CaHi^OgN-OioHaOnN^, 
m.p. 238°, are crystalline. The coppier salt 
(0 ,,Hio02N)2Cu,2H20 

is sparingly soluble in cold water, and becomes 
.anhydrous over sulphuric acid ; the silver salt 
CgHiflOaNAg is sparingly soluble. The ethjl 
ester C'sHioN-COaillt is a thick oil sparingly 
soluble in water, b.p. 143°/10 mm., sp.gr. 1-065 
.at 15°, forms a crystalline picrate, m.p. 156-6° 
(corr.), hydrochloride C8Hi(,N-COoEt,HCl, m.p. 
127°, nitrite C8HioN-C02Et-HN02“, and a diazo 
derivative (ethyl a-diazo-/3-phenyliiropionate) 
CBl-lB-CH2-C(N2)C02Et, 

a golden -yellow oil, b.p. 90°-94°/ll mm., sp.gr. 
1-107 at 10°/4°, 1-5367 at 16° (Curtius and 

MiiUer, Ber, 1904, 37, 1261). The methyl ester 
GgHjoN-COaMe hap b.p. 141°/12 mm., sp.gr. 
1-096 at 22°/4°, n^ 1-5203 at 20°; the hydro- 
chloride has m.p. 158° ; the diazo derivative 
08Hs-CH2-C(N2)002Me, bright orange-coloured 
liquid, b.p. 85°-87°/12 mm., sp.gr. 1-12() at 
20°/4°, n 1-5435 at 26° (CHirtius and Muller, 

l. c.). 

dl-a-Amino-^-phenylpropionalacctal 
CBHB-OH2-OH(NH2)OH(OEt)2, 
obtained by reducing the ethyl ester, has b.j). 
103°-105° (corr.), 0-25 mm. or 153-5°/ll mm., 
sp.gr. 0-995 at 20°; 1-49383 (Eischer and 

Kametaka, Annalen, 1909, 365, 7). The 

hydrochloride of dl-phenylalaninechloride 
CoH 5-CH2-CH(NH2-HC1)C001 
is a colourless powder ; the amide 

CbHb-OH 2-CH(NH2)OONH2 
has m.p. 138°-140° (corr.), and yields the /3- 
naphthalenesulphonyl derivative C2 ;iHib 03N2S2. 

m. p. ^ 164°-166° (corr.), and carbelhuxy-d\- 

14^0 (corr.) (Koenigs 

■ _ . . .308, 41, 4427). Formyl-dl- 

. tiOgN is soluble in 240 parts 
; ' e benzoyl derivativo 

CioHiBOaN 

has m-P- 1S7°-188° (corr.) (Eischer and 
Mouneyrat), its methyl ester CiBHiBOgN-ClLj 
melts at 87° (corr.), and its ethyl ester at 95° 
(corr.), the acid chloride CibHuON-COCI has 
m.p. 123°-125° V ■ ■ ' 

fflm'dc G]_ 5 Hi 40 N- ■ '> 

(Max, Annalen, 1! - -. ■" .-. . 

pheni/lalaiiine 

' CBH5-0H2-CH(NH-C0-0H3Ph)CO2H, 
m.p. 126° (Erlenmoyer and Kunlin, l.c.). 
Phenyllactimide (3:6- dibenzyl - 2 : 5-dikrto- 
piperazine) 

CBHB-0H2-CH<Jj® J’g>0H-( TI.-CbI 

has m.p. 300° (corr.) (Erlenmoyer and Lipp, 
Z.c. ; Curtius and Miiller, Z.C.). 

Fhenylkociyanatc of dl-phenylalanine has m.p. 
182° (with decomp.)'; the methylmucyanate has 
m.p. 176°~177°, [a]j3-14° 8' (ValMe, Ann. 
Ohim. Phys. 1908, [viii.] 15, 331). 

Eor a description of the . - " 

properties of the chloro, bronic . 
amino substituted derivatives of iihenylalaniiu^ 
in which the substituent is in the benzene ring, 
see Wheeler and Clapp, Amer. Chem. d. 1908, 
40, 337, 458 ; Abderhalden and Brossa, Ber. 
1909, 42, 3411 ; Erlonmeyer and Jnpp, l.c. ; 
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Eriedmann and Maase, Bioolicm. Zeitscli. 1910, 
27, 97 ; Elatow, Zeitscli, physiol. Chem. 1010, 
64, 367. Numerous folyfcptides containing tho 
phonylalauyl radicle arc doscrihed by Leuclis 
and Huzuki (Bcr. 1904, 37, 3306) ; Curtius and 
Muller (J. pr. Chem. 1904, [ii.] 70, 223) ; Eischer 
(Ber. 1904, 37, 3062) ; Eischer and Blank 
(Annalen, 1907, 354, 1) ; Eischer and Schoeller 
{ibid. 1907, 357, 1); Abderhalden and Brossa 
(Ber. 1909, 42, 3411). M. A. W. 

PHENYLBENZYLHYDRAZINE z;. Hybra- 

ZINBS. 

PHENYLENE BLUE v. Indamines and indo- 

PHENOLS. 

PHENYLENE BROWN v. Azo- colotoing 

MATTERS. 

PHENYLENE DIAMINES v. Diamines. 
o-PHENYLENE DIAZO SULPHIDE i;. Diazo 

COMPOUNDS. 

PHENYLENE VIOLET v. Indamines and 

INDOPHENOLS. 

PHENYLGLYCINE. This compound and 
certain of its der ' .■ ■ ]. 

glycine nitrile, ; 

and its nitrile, have during the last two decades 
assumed great technical importance, owing to 
the fact that they are all intermediate products 
in the manufacture of indigo by one or other 
of the processes based on the original synthetic 
method of Houraann (c/. Indigo, abtiexoial). 
Phenylglycine, anilidoacetio acid, 
CJiB-NH-CIia-COOH, 

may bo obtained by tho action of aniline on 
chloroacotie or bromoacetio acid (Hausdorfer, 
Ber. 1899, 22, 1799). Tho yields, however, are 
bad, owing to tho fact that there is a tendency 
for two molecules of acid to condense with one 
of aniline. To avoid this a salt or ester of 
chloroacetic acid may bo employed; various 
other processes have also been suggested. 

Technical 7nethods of preparation. 

(1) Aniline is made to condense with an 
alkali or alkaline earth salt of cliloroacctic acid 
(Briswell, Eng. Bat. 18149, 1907; D. R. P. 
177491). The condensation is brought about 
in the presence of hydrated ferrous oxide or 
carbonate (Hochster Earbw. D. R. P. 167698). 
An ingenious modification of this process is to 
heat an aqueous solution of chloroacetic acid 
with nitro-bcirzeno in the presence of finely 
divided iron, which first brings about the reduc- 
tion of the nitro-benzene and then forms the 
insoluble iron salt of phenylglycine. In actual 
practice it is found advisable to add a small 
quantity of aniline to start the reaction, which 
takes place at 100°. When the change is com- 
plete, tho mixture is distilled with steam to 
remove the unchanged aniline, and excess of 
sodium carbonate is added. The solution of the 
sodium salt of phenylglycine is then filtered and 
the phenylglycine r - ^ / 'he addition 
of sulphuric acid ■■'■■■ ■ ''v .. D. B. P. 

115797 Eng. Pat.' 9700, 1900). 

of t ■ ■ ^ 

resulting amyl *eater is then saponified (LepiJ- 
mann, L>. R. P. 103515). 

(2) Phenylglycine may also be prepared by 
thereductionofoxanilicackhCeHg-NH’CO'COOH 
VoL. IV.— T. 


which may be obtained in good yields by heating 
aniline with excess of oxalic acid. Two methods 
have been iiroposed (1) by reduction with 
sodium amalgam or with zinc dust (Kopp & 
Co., D. R. P. 163842) ; (2) by electrolytic re- 
duction with lead cathodes i (Kinzlberger, D. R. P. 
163842). 

(3) Phenylglycir “ " in large 

quantities by the ■ ■ nitrile, 

C'sHg-NH-CHa'CN, which may be obtained from 
aniline in good yields by tho action of prussic 
acid and formaldehyde (D. R, P. 145376). 

Properties and Reactions. White crystals, 
m.p. 127°, moderately soluble in water, slightly 
so in ether, but easily so in the usual organic 
solvents, it forms soluble alkali salts axrcl a 
green insoluble^ copper salt, which is an internal 
complex. On’ " ' 140° a molecule 

of water ; on : . it loses water, 

forming indoxyl, which on oxidation in the air 
yields indigo ; with fuming sulphuric acid it 
forms indigo sulphonic acid ; with bromine 
water its aqueous solution gives a precipitate 
of tribromophenylglycine ; with acetic anhydride 
it forma acetylphcnylglycine. 

The conversion of Phenylglycine into Indigo, 
Tho fusion with soda or potash to form 
indoxyl and tho subsequent oxidation of this 
compound by atmospheric oxygen requires a 
temperature of over 300°, and tho yields of 
indigo are extremely unsatisfactory ; it was 
this fact which made the original Heumann 
synthesis commercially impracticable. Various 
condensing agents have been since proposed, 
and now sodamide is employed extensively and 
with considerable technical success, in spite of 
tho expense of the sodamide, in the Hochster 
dye works. 

Among other substances which have been 
suggested are sodium oxide mixed with soda 
(Busier Chemische Eabrik, D. R. P. 165691), and 
also calcium carbide and magnesium nitride 
(Hochster Earbw., D. R. P. 166213). 

Derivatives. — Phenylglycine methyl ester (m.p. 
48°) and ethyl ester (m.p. 58°) from aniline and 
tho coiTcsponding ester of chloroacetic acid 
(D. R. P. 194884).' 

Phenylglycine amide (m.p. 133°) from aniline 
and chloroacctamide. 

Phenylglycine nitrile (m.p. 43°) from aniline 
and chloroaectonitrile, and also by the action 
of prussic acid and formaldehyde on aniline 
(Bender). On saponification it yields phenyl- 
glycine quantitatively. 

p-Hydroxyphenyglycine amide, from chloro- 
acotamide and ^i-aminoiihenol, is employed as a 
photographic developer (D. R. P. 166799). 

Niiro derivatives of phenylglycine arc de- 
scribed by Deutsch ( J. pr. Chem. 1907, [ii.] 76, 
360) ; Borsche and Titsingh (Bcr. 1907, 40, 
6010) ; Eeverdin {ibid. 1909, 42, 4115) ; Abder- 
halden and lilumberg (Zeitsch. physiol. Chem. 
1910, 05, .318). 

Phenylglycine-o-sulphonic acid, obtained by 
the action of formaldehyde and hydrogen 

cyanide on -u-i ... ■ (pradshaw, 

Amcr. Chem. . . 

For a number of other derivatives of 
phenylglycine see Mauthner and Suida (Monatsh. 
1890, 11, 380) ; Widman (Ber. 1896, 29, 1946) ; 
Fischer {ibid. 1899, 32, 247) ; Vorliinder and 
Weissbrenner {ibid. 1900, 33, 555, 566) ; Kahn 
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and Heimann {ibid. 1902, 36, 576) ; Schulz and 
Jockheim {ihiL 1908, 41, 3790) ; Leuchs and 
Geiger {ibid. 1721) ; Rupo and Vs6tccha (An- 
nalen, 1898, 301, 76) ; Rupo, Heberlicn and 
Roesler {ibid. 79) ; Eischer and Schmidlin 
{ibid. 1905, 340, 190) ; , Pickard (Ohem. Soo. 
Trans. 1902, 1574); de Moulpied {ibid. 1905, 
438) ; Lumiere and Barbier (Bull. Soc. Chim. 
1906, [hi.] 38, 123) ; Eng. Pat. 5763, 1900. 
Phenylglyeine-o-earboxylic acid 

/\_COOH 

NH-OHa'COOH 

is an important intermediate product in the 
manufacture of indigo. It is obtained by the 
condensation of anthranilic acid and chloro- 
acetie acid; asj_ui the^case of phenylglycine, 
the yields are bad, but on working with the 
sodium salts in aqueous solution at a tempe- 
rature of 40°, the reaction proceeds smoothly 
owing to the fact that the sodium salt of the 
acid crystallises out and is thus protected from 
further action. Various other methods have 
been suggested for the preparation of phenyl- 
.1- i •; acid; by heating anthra- 

. ts with carbohydrates such 

as starch or mannite or with glycerol (Badische 
Anilin und Soda Eabrik, D. R. P. 111067) ; by 
heating glycine Avith o-ohlorobonzoic acid in 
the presence of copper salts, which act as 
catalysts (Oie. Paris. Coul. d’Anilin, Er. Pat. 
306302) ; by the formation and subsequent 
saponification of w-cyanomethylanthranilio acid 
(exonitrile of phenylglycine); by the action of 
formaldehyde and prussic acid on anthranilic acid 
(o/. phenylglycine nitrile). This method is used 
• ' ■ ■ ’ . ' ' the subject of various patents 

■■ D. R. P. 117924; Badische 
Anilin und Soda Eabrik, B. R. P. 216748). 

Properties and Beactions. White crystals, 
m.p. 215° (decomp.) ; soluble m hot water, 
alcohol, ether, or acetic acid, but almost in- 
soluble in benzene or chloroform. On heating 
Avith Avater it loses carbon dioxide and forms 
phenylglycine; on fusion Avith alkalis it first gives 
the salt of indoxylcarboxylic acid and then 
indoxyl, which in the presence of air is oxidised 
to indigo (Badische Anilin und Soda Eabrik, 
D. R. P. 111067) ; on heating Avith sodium 
acetate and acetic anhydride it forms diacetyl 
indoxyl (Bayer and Co., B. R. P. 86071) ; Avith 
fuming sulphuric acid it forms indigosulphonic 
acids. 

Derivatives. — Phonylglycine-o-carboxylic acid 
being a dibasic acid, forms tAA'Q series of mono 
esters, tAVo nitriles, &o. 

Dimethyl and diethyl esters, from the esters 
of chloroacetic acid and anthranilic acid 
(Hochster EarbAV. B. R. P. 111911) ; also from 
the acid itself and alcohol (B. R. P. 120138). 

Exonitrile {v. above). — Its acetyl derivative 
is obtained by the oxidation of acetyl-o-tolyl- 
glycine (Bayer and Co., B. R. P. 102892). 

Halogen derivatives of phenylglycine-o- 
carboxylic acid are readily obtained by the 
action of halogens on the acid suspended in 
glacial acetic acid (B. R. PP. 148616, 158089, 
216266). 

Nitro derivatives of the acid are described 

by P A ’ ^ ine (Gazz. chim. ital. 1903, 

33, [. . (Monatsh. 1905,20, 1253). 


Nitroso derivatives, which are also used in the 
production of indigo, have been prepared by 
Vorlander (Ber. 1901, 34, 164 ; B. R. P. 127577). 

Some other derivative of the acid and esters 
are described in B. R. PP. 138207, 141698, 
147633; also by Lumiere and Perrin (llull. Soc. 
Chim. 1903, fiii.] 30, 966) ; Villiger (Ber., 1909, 
42, 3541) ; also by Vorlander and Mummd (Ber. 
1902, 36, 1699 ; B. R. PP. 216748 ; 220839). 

PHENYLHYDRAZIRE v. Hyubazines. 

PHENYLHYDRAZINE ACETYL v. Pyeodibe. 

PHENYLHYDRAZINE-p-SULPHONIC ACID 
v. Hydeazhtes. 

PHENYLHYDRAZONES z). Hydeazobes. 

PHENYL HYDROGEN SULPHATE v. 
PhBNOE ABD its HOMOLOaUBS. 

PHENYL-ORTHO-OXALATE v. Auein. 

PHENYLOSAZONES v. Kyeeazobes. 

PHENYLPARACONIC ACID v. Lactobes. 

PHESIN. A sulpho derivative of phenacetin 
CeH 3 ( 0 - 02 H 5 )(S 03 Na)(NH-CO-CH 3 ) used as an 
antipyretic. Is a light-broAvn amorphous 
powder, soluble in water, giving a Bismarck 
broAvn solution {v. Sybthetio eeugs). 

PHILADELPHIA YELLOW G Ghrysaniline 
V. Aoeidibe dyestuees. 

PHLOGOPITE V. Mica. 

PHLORIDZIN V. Gluoosides. 

PHLOROGLUCINOL v. Phebol abb its 

HOMOLOGUES. 

PHLOROL. The name originally given by 
Hlasiwetz (Annalen, 1867, 102, 166) to the 
homologue of phenol obtained by the dry dis- 
tillation of barium phloretato, and shown by 
Oliveri (Gazz. chim. ital. 1883, 13, 264) to be 
identical Avdth o-ethylphenol. The term is also 
applied to the mixture of xylenols that occur 
with oreosol in the fraction of creosote of b.p. 
217°-220° (Marasse, Annalen, 1869, 152, 76). 

PHLOSCEINE V. Teiphebylmethabe ool- 

OUEIBG MATTEES. 

PHOCENIC ACID. A name given by Chev- 
reul to isovaleric acid. 

. PHCENICITE. Basic lead chromate {v. 
Cheomium). 

PHCENIN and PHCENICEIN. Phmnin 
the glucoside of the leuco compound 
of phcenicein, is found in the bark paren- 
chyma cells of the Oopaifera bracteata (Benth.) 
(purple wood), and crystallises from water in 
minute colourless needles or rods, which, on 
standing in air, develop a faintly violet tint. By 
boiling with methyl alcohol and hydrocldoric 
acid phcBnin is converted iiito phcenicein, 
and on addition of water to the acid solution is 
i-- ' ■ .1 1 powder soluble in ammonia, 

. ■ ' colouration. Purple woocl 

yields approximately 2 p.o. of phcenicein. 

A. G. P. 

PH(ENIX POWDER v. Explosives. 

PHONOLITH. A mixture of sanidine and 
nepheline, containing about 9 p.c. of potash. 
Used as a fertiliser (Kriseho, Chem Zeit. 1910, 
34, 387). 

PHOSGENE GAS. J. Bavy’s name for 
carbonyl dichloride or carbon oxychloride, 
V. Caebob. 

PHOSGENITE. A lead chloro-carbonate 
PbCh'PbCOs, V. Lead. 

PHOSOT V. Sybthetig beugs. 

PHOSPHINE. A syn. for phosphoretted 
hydrogen PHg, v. Phosphoeus. Used also to 
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designate the nitrate of chrysaniline or diamino- 
phenylacridine OiuHxglSia-HNOs, v. Chbys- 

ANILIWE. 

PHOSPHOMOLYBDIC ACID Molyubb- 

MUM. 

PHOSPHOR BRONZE v. Tin. 

PHOSPHORITE and ROCK-PHOSPHATE. 

General terms ajiplied to compact or indis- 
tinctly crystallised forms of calcium phosphate, 
of varying degrees of purity, Avhich are often 
regarded as massive varieties of the mineral 
apatite {q.v.). It is probable, however, that 
several allied mineral species are represented, 
and that the material is usually a mixture of 
these, together with various imimrities. The 
materials are, in fact, more of the nature of 
rocks rather than simple minerals. 

The term phosphorite, first used by E. 
Kirwan in 1794 as a synonym of apatite, is 
more properly restricted to the concretionary 
and stalactitic masses with a mamillated form 
externally and often a minutely radio-fibrous 
or convoluted structure internally. Such 
material, although often containing calcium 
fluoride in addition to calcium phosphate, differs 
from crystallised apatite in containing a small 
proportion of calcium carbonate and water. 
Phosphorite is generally found filling pockets 
or veins in limestone ; for example, in Estre- 
madura and Quercy ; and in the Pacific and 
West Indian islands it has obviously been formed 
by the action of phosphatic solutions, leached 
from guano, on the underlying coral-lime- 
stone. 

A. Lacroix (Compt. rend. 1910, 160, 1213, 
1388 ; Mindralogio do la Prance, 1910, 4, 666, 
from a microscopical study of the Prench phos- 
phorites, separates them from apatite, and 
places them in a separate division of iiis olas.sifi- 
cation comprising combinations of phosphates 
and carbonates. In this division he recognises 
as species : — 

DahUite, 2Ca3(P04)2-CaC03iH30. 

Fran oolite (and its fibrous variety staff elite, 
or ‘hydroapatite ’), 

(CaF)„Ca3(P04)3-CaCC)3d-l20. 

Collo- 1 Ki Ca3(P04)2]-yCaG03-zHa0. 

I)hanito(a:(CaP)2Cag(PO,i)e-2/(jaC03'2B[20. 

The fibres of both dahllito and staff elite arc 
optically uniaxial (or nearly so), with a negative 
birefringence a little greater than . 'i' . 

Collophanite is amorphous . .i , r 
ojjtically isotropic ; and with its vitreous to 
re.sinous lustre and conchoidal fracture resembles 

opal or y -. Only exceptionally, 

ho wove . . ■ ; ■■ ' ■ ■ minerals occur alone 

in the Prench phosphorites ; as a rule, they form 
interbanded mixtures, so intimately that a 
mechanical separation of them is impossible. 
For this tyj>o of mixed phosphorite the name 
quercyite is proposed ; quercyite-a when the 
crystalline element is opticaUy negative, and 
quercyite-3 when it is optically positive (the 
crystalline element in the latter case not corre- 

. .. ...T. --j.!. -,-y itno^wn species). 

analyse.s, by Pisani, are given 
' ! ■ : these it is seen that the differ- 

ences in composition are only slight. I. DahUite 
from Mouillac, Q’arn-et-Garonno. II. Collo- 
phanite from PouziUac, Gard. III. Quereyite-a 
from Mouillac, Tarn-et-Garonne. IV. Quercy- 


ite-y8 from MouiUac. V. Quercyite from Castillo 
de Eelmez, prov. Cordova, Spain. 



I. 

ll.i 

111. 

IV. 

V. 

P203 

38-40 

37-40 

37 -60 

30-00 

37-75 

CaO . 

53-05 

49-73 

51-85 

60-45 

62-50 

F . 

(") 

0-88 

1-60 

0-83 

(“) 

CO2 . 

5-30 

3-75 

4-00 

4-02 

6-70 

H2O . 

2-10 

7-05 

4-80 

6-00 

3-20 

Fea03,Al20j 

, 0-57 

0-50 

— 

1-30 

0-85 

100-02 

99-01 

99-75 

99-80 

100-00 

Sp.gr. 

2-97 

2-69- 

2-83- 

— 

— 


2-77 

2-87 




In the ’ ’ ' ’ ■ ; ’ ' occurring as nodules, 

pebbles, ■ ' • ■ p 'i sedimentary rocks, 

or simply as impregnations of phosphatic 
material in the rocks themselves, the minera- 
iogical identity of the material is stfil less 
definite. Por details of occurrence and pro- 
duction, see the article Feetilisers. 

J?e/. — G. P. Merrill, The Mon-metallic Min- 
erals, 2nd ed.. New York, 1910. 0. Stutzer, 

Die wicht\" ■' n ‘ Nicht-Erze,’ 

1911, i. ;.■■■■ ■■ ■;. , Bihliographie 

gen6rale des -‘i f".- r'* sphates, 2nd ed., 

Annales des ' ^ ^ d seq. 

F. Wyatt, The Phosphates of America, 6th ed.. 
New York, 1894. A Deckers, IStudo compl{!te 
sur les phosphates, Li6ge, 1894. J. J. H. Teall, 
I^ho Natural History of Phosphate Deposits, 
Proc. Geol. Assoc. 1900, 10, 369. 

Ij J s 

PHOSPHORUS. Sym. P. At.w. 31 -oi. Va- 
pour density — 61 -OZ From (p&s, light; and 
(pepoi, 1 bear. Phosphorus was accidentally 
discovered by an alchemist named Brandt, of 
Hamburg, while experimenting with mine, in 
the year 1669. As urine contains only a small 
quantity of phosphoric acid, phosphorus was 
not generally knoAvn till about 100 years after, 
when Gahn in 1769 showed it to be an essential 
constituent of bones, and Scheele, taking advant- 
age of this discovery, made phosphorus from bone 
ash. It is stated ‘ that Brandt by a secret pro- 
cess ^ succeeded in preparing phosphorus from 
urine, and he is said to have sold the secret of 
the manufacture to Kraflt, from whom it 
appears that Kunkel learnt what he know, and 
published in the year 1678 a pamphlet on this 
remarkable product. In those early days 
phosphorus was a very costly body, being valued 
as one of the most remarkable and interesting 
of chemical substances. Krafit exhibited it as 
one of the wonders of nature to various crowned 
heads, among ofhers, in the year 1667, to 
King Charles II, of England. 

From the fact of the presence of phosphorus 
in bones, its universal diffusion in nature might 
have been suspected. In fact, upon a soil 
free from phosiihorus no plant could grow, as 
its ----ntial to the formation of 

the ; . and is found in largest 

quantities in the seed and fruit. Phosphorus, 
likewise, is necessary for the growth and nutri- 
tion of the animal tissues, and is present both in 
the substance of the brain and in the nervous 
matter connected therewith. It ranks, therefore. 


> Also maO.KaO, 0-30. 

- A little lluorine included \?itli the h’OaOa.AkOs. 
Th(! process consisted In distilling evaporated 
urine with sand in clay retorts. 
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like oxygen, nitrogen, hydrogen, carbon, &o., as 
one of the elementa necessary to the building 
up of the animal and vegetable body. Besides 
being present in all fruitful soils, phosphorus is 
found in most springs, in all rivers, in the sea, 
and even, it is stated, in minute traces in the 
atmosphere (Barral). At one time phosphorus 
was considered to be a compound body containing 
‘ phlogiston ’ and an acid, till Lavoisier investi- 
gated the subject in the year 1780, and showed 
that when phosphorus is burnt in air the acid 
produced weighed more than the phosphorus 
itself, the increase in weight being due to the 
oxygen of the atmosphere with, which the phos- 
phorus had combined (Opuscules Physiques et 
Ohimiques, 1754). 

Up to the year 1845 the ‘ yellow ’ or ordinary 
phosphorus was the only variety known. ‘ Red ’ 
or ‘ amorphous ’ phosphorus was discovered by 
Schrotter in 1845, although its existence had 
been previously observed by other chemists, 
who had misunderstood its nature. Other 
modifications of phosphorus will be referred 
to when discussing the general properties of 
the element. 

Scheele’s metb 1 -! yhosphoius, 

first published in ‘ i . ' . Bouillon ’ 

in the year 1775, coiisi.stod in dissolving bone 
ash in nitric acid, and then removing the lime 
as sulphate with sulphuric acid ; but this method 
was afterwards simplified by Nicholas and 

Pelletier, who rl ‘~ :1 t’ - bone ash direct 

by sulphuric !.•< '! ' ' improved by 
Pouroroy and Vauqueliu, who determined the 
exact quantity of suliihuric acid required for 
the complete decomposition of bone ash. 

The Manufactube of Phosphobus. 

(a) The Raw Materials. — Phosphates. Of 
all the phosphates now to be had in the market 
pure bone ash is to be preferred, other things 
being equal, inasmuch as it contains a high 
percentage of calcium phosphate ; it is easily 
decomposed by sulphuric acid ; and it contains 
only small quantities of magnesia, oxide of iron, 
and silicious matter. 

On the other hand, it has to be considered 
that bone ash probably costs more to-day, per 
unit, than any other form of calcium phos- 
phate. 

Pure bone ash (from ox-bone) pos.sesses the 
following composition : — 

Per cent. 


Phosphoric oxide . . . 39-55 

Lime ..... 62-46 

Magnesia . . . . 1-02 

Eerric oxide .... 0-17 

Carbon dioxide, alkalis, &c. . 4-43 

Water, carbonaceous matter, &c. 0-86 

Silicious matter .... 0-51 


99-00 

Bone ash, as met with in commerce, varies 
considerably in composition, the amount of 
phosphoric acid existing as tri-calcium phos- 
phate ranging between 27 and 37 p.c. It is 
■■■ South America, and is not 
■ . . ■ ',.■■■ m bones, but contains in 

addition the ash of other parts of the carcase. 
Subjoined is an analysis of commercial bone 
ash : — 


Bone ash from South America. 

Per cent. 


Phosphoric oxide 



33-68 

Lime 



43-37 

Magnesia . 



1-14 

Ferric oxide , 



0-58 

Carbon dioxide . 



4-22 

Alkalis 



0-62 

Water, carbonaceous matter, &c. 

6-70 

Silicious matter . 



9-69 


100-00 

Another very suitable calcium phosphate, 
which is to be had in small quantities, is what 
is known as precipitated phosphate of lime. 
This substance is obtained as a by-product in 
the manufacture of glue from bones. The 
method adopted is a modification of the system 
proposed by Fleck (Wagner’s Chemical Techno- 
logy, p. 543). The bones, previously crushed and 
deprived by boiling of the fat they contain, are 
soaked in a weak solution of hydrochloric acid, 
until they become quite soft. The clear liquor, 
containing the calcium phosphate in solution, is 
drawn off from the cartilaginous substance, and 
milk of lime is cautiously added to it, in quantity 
sufficient to throw down the phosphates, which 
are then washed, dried, and collected. The 
following analysis of a quantity of this phos- 
phate which was used in the .manufacture of 
phosphorus will show what a very rich phosphate 
is obtained in this way : — 

Precipitated Phosphate of Lime. 

Per cent. 

Phosphoric oxide . . . 39-46 

Lime ..... 44-88 


This phosphate dissolves easily and gives an 
excellent phosijhoric acid. 

The next raw material to be referred to as a 
source of phosphorus is apatite. Apatite is a 
pure form of mineral calcium pho.sphate, com- 
bined with either calcium fluoride or calcium 
chloride forming the definite chemical com- 
pounds Jluor apatite ( 3 Ca 3 (P 04 ) 2 -CaF 2 or chlor 
apatite ( 3 Ca 3 (P 04 ) 2 -CaCl 2 ). The pure crystals 
of the former contain 42-26 p.c. pho.sphoric 
oxide, while the crystals of the latter con- 
tain 40-92 p.c. This last variety is not so 
largely imported. Fluor apatite comes from 
Canada, and also from Spain under the name of 
Spa-'-', y.’ j'- ■■■'.. T phosphates 

are . ■ i ■ , I of a light 

gree • ■ ■ ■ ■ , ■ , ■ the Ottawa 

district of Canada, in the volcanic rocks of New 
.Jersey and New York, and other places in the 
American continent. They contain neither or- 
ganic nodffies nor fossils, as many other phos- 
phates do, but have the phosphoric acid evenly 
distributed through large masses of the ruck. 
The following analyses of two lots of Canadian 
phosphates will give some indication of their 
general composition : — 


Canadian Oalenm Phosphate, 


Phosphoric oxide 
Lime 

Ferric oxide. Alumina 
Fluorine, &e. . 

Silicious matter . 

Water and loss on ignition 


I’or cent. Per cent. 
. 33-51 37-68 
. 40-14 51-04 

. 7-83 6-88 

. 11-90 4-'29 

. 0-62 0-11 

100-00 100-00 
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The absence of carbonates makes the com- 
plete decomposition of this phosphate -with sul- 
phuric acid troublesome and tedious when 
’ ge quantities. 

, 'L ■ ■ variety of apatite, called also 
Bstramadvrite, has the following percentage 
composition : — 


Spanish Phosphorite (Voelker). 


Phosphoric oxide 



Per cent. 
33*38 

Lime 



47*16 

Magnesia . 



. trace. 

Carbon dioxide . 



4*10 

Sulphuric oxide . 



0*57 

Ferric oxide 



2*69 

Alumina . 



0*89 

Fluorine . 



4*01 

Silicious matter . 



3-71 

Water 



3*69 




100*00 


.* ■ ■■ ' led in the manufacture 

of ;■ p ■ ■ ■ ' very suitable, both on 

account of its comparative freedom from iron 
and the presence of a certain amount of carbon- 
ates, is ‘ Sombrero phosphate,’ obtained from the 
small uninhabited island of that name in the 
Caribbean Sea. It contains the following : — 

Sombrero Phosphate. 

Per cent. 


Phosphoric oxide . . . 36 '12 

Lime ..... 61*33 

Ferric oxide and alumina . ' . 1*02 

Carbon dioxide . . . . 7*40 

Silica 2*02 

Alkaline salts . . . . 0*42 

Water and loss on ignition . . 2*69 


100*00 

French phosphates contain from 50 to 76 p.c. 
of calcium phosphate. The high-class qualities 
should be found useful in this manufacture. 
The next phosphate to be referred to is ‘ Redonda 
phosphate, ’boF* "u --t percentage 

of phq.sphoric J , ' ■ ' ■ . ; ■■<■,:* 1 also from 
the fact that this peculiar mineral has been the 
subject of many patents having for their object 
the utilisation o"f the ■ ■’ ■ ’ '' ‘ ‘ contains. 

Redonda phosphate, . -.:■■■■ phosphate, 

comes from the West Indies ; it contains no 
lime, the phosphoric oxido present being com- 
bined with iron and aluminium. 


Redonda Phosphates, 

11. 


I. 

( JitcfidUki fill) 

Phosphoric oxido 

35*47 

39-71 

Ferric oxido . 

8*80 

9-46 

Alumina 

20-17 

20-90 

Silioious matter 

Organic matter, and water 
of combination 

9-70 

0*65 

7-20\ 

22-80 

Moisture 

18*61/ 


100*00 

99*57 


The processes proposed for working this 
j)hosphato win. be referred to sub.sequently. 
The last mineral phosphate to bo mentioned 
in connection with this part of the subject 
is what is known in the market as Charleston 


phosphate. Tins is not a high-class phos- 
phate, like some of those considered, nor is 
it very free from iron and aluminium, but it 
has the property of being easily and uniformly 
decomposed when treated with suliihuric acid, 
and is of very regular composition. Charleston 
phosphate is found in the beds of several of 
the rivers and on the lands of South Carolina. 
The river phosphate differs slightly from that 
of the land both in colour and hardness ; more- 
over, in the river phosphate the iron exists 
partly as pyrites, while in the land phosphate it 
exists as ferric oxide. The river variety is that 
usually sent to this country, being richer in 
phosphates. It is obtained by dredging the 
river, and is dried by hot air before exportation. 


Charleston Phosphate (Roadman). 


Phosphoric oxide 



Per cent. 
27-17 

Sulphuric oxide . 



3*30 

Carbon dioxide . 



4*96 

Lime 



44*03 

Magnesia . 



0-37 

Alumina . 



1*44 

Ferric oxide 



0*43 

Ferric sulphide . 



3*60 

Alkaline salts 



0*87 

Fluorine, &c. 
Combined water 



2*38 

and 

loss on 


ignition . 



4*60 

Sand 



5*60 

Moisture . 


- 

1*25 




100*00 


This enumeration does not by any means 
exhaust the various irhoephates available for the 
production of phosphorus ; brrt the list hero 
given of crude materials which are, or which 
may bo, employed in the manufacture, will con- 
voy an idea of the resources at the disposal 
of phosphorus makers. 

It may be added that whichever variety of 
phosphatic material bo employed, it is abso- 
lutely essential to reduce it to a very fine state 
of division as a preliminary stop in the manu- 
fact- *■ . . 

T . , . : remembered that the pre- 


sence of iron, alumina, magnesia, and alkalis — 
as also any excessive amount of carbonates — is 
objectionable. The former substances are dis- 
.solved, to a groat extent, during the sulphuric 
acid treatment, and reappear at a later stage, in 
the phosphorus retorts, wliilo carbonates, of 
course, consume their eqiuvalent quantity of 
sulphuric acid, and thus add to the cost 
of production. 

As has been indicated, how'over, a certain 
limited quantity of calcium carbonate is advan- 
tageous in the sulphuric acid treatment, as it 
materially assists the decomposition of the 
pho.sphatic material operated upon. 

The amount of calcium carbonate should not 
exceed, say, 10 to 12 p.c. for economical work. 

Generally speaking, a high-class phosphate 

should bo selected — one - ■“ ’ 70 

p.c. of calcium pho.sphate ' ■ are 

now easily obtained in ■ . ■ ' the 

advantages of employing them are very great. 

With respect to the other material used in 
the manufacture of phosphorus (at least in the 
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initial stage,) — ^namely, sulphurio acid — it mil 
suffice to say that ordinary chamber vitriol of 
sp.gr. 1*500 to 1-000, free from arsenic, is quite 
suitable for decomposing the calcium phosphate 
into calcium sulphate and phosphoric acid. 

(h) The preparation of phosphoric acid,. In 
this, as in subsequent processes, the author 
will describe the plant (alluding incidentally 
to noteworthy matters) which, from personal 
practical experience, he has found to yield good 
results. 

The decomposition of calcium phosphate by 
sulphuric acid is performed in a circular wooden 
vessel, shaped like a brewer’s mash tun, 10 ft. 
in diameter and 8 ft. deep, provided with an 
upright wooden agitating shaft carrying three 
arms placed at regular intervals between the 
bottom and middle of the vessel. 

The only ironwork in the interior of the 
decomposing vessel consists of a cast-iron shod 
on the lower extremity of the revolving shaft, 
and a strong cast footstep in which it works. 
The revolving arms are simply tenoned into the 
upright shaft. Pitch pine 3 ins. thick is 
preferably employed in the construction of the 
decomposer, and before use the tun is thoroughly 
' I ' ■ ’ tar-oil, which acts as a pre- 

. . : ' “ . i ■ . the vessel in good repair for 

many years. It is securely bound by strong 
hoop iron, which may with advantage be pro- 
tected by sheet lead at any part exposed to the 
drip of acid. The agitator is driven by a crown 
wheel and pinion, connected in the usual way 
with a steam engine. At the lower circumference 
of the tun, as near the bottom as possible, a 
wooden man -hole door is provided, and tMs, 
opening outwards, allows the charge to be run 
out to the adjoining filters. 

The operation of decomposing the calcium 
phosphate is thus conducted. The tun is filled to 
the depth of about 18 ins. with weak liquors 
from a previous decomposition, and to this is 
added about 3 owts. of calcium phosphate. High 
pressure steam is then blown in by a load pipe, 
until the liquor boils, when the steam is shut 
off. The agitator is now put in motion, and 
charging is commenced, adding alternately, say, 
6 cwts. of finely-ground phosphate, and 5 car- 
boys of chamber sulphuric acid (sp.gr. 1*500 
to 1*600), till the whole has been introduced. A 
convenient charge for such a decomposer a.s has 
been described is from 80 cwts. to 100 cwts. of 
phosphate, and the equivalent quantity of sul- 
phuric acid necessary to decompose into sulphate 
the total lime present, existing either as carbonate 
or as phosphate, 1 thus : 

Ga3(P04).>-f3H2S0^=3CaS0i-f2H3P0i. 

Jt is advisable not to introduce the charge too 
rapidly, but rather to allow ample time for a 
uniform decomposition to take place. The 
charging should be completed in three hours, 
and it is well to continue the agitation an 
hour, or even more, until ] all visible action has 
ceased. 

When it is ascertained that the decomposi- 
tion is complete, the large man-hole door is 
gradually opened, and the entire contents of the 

' This statement rtiffm-.s from (-hat Kiven in most of 
the text hooks on Chemistry, which state that sulphuric 
aoid is added in rjuantity only sullieient to form the 
acid calcium phosphate, thus : — 

Ca.j(P04)2-f2iroS0i=2CaS04-)-CaH4(P04)3. 


tun run off by a shoot to one of a series of filters, 
conveniently arranged below the level of the 
decomposer, agitation being still maintained. 

The filters are rectangular wooden tanks, each 
about 20 ft. long, 16 ft. wide, and 21- ft. deep. 
They are not set level, but are laterally inclined 
at a gradient of about 1 in 30, so as to drain 
towards ten exit holes pierced along the lower 
side. The filtering medium consists of ashes. 
Coarse ‘ clinkers ’ are spread evenly over the 
floor and a layer of sieved ashes above, the 
entire depth of the filtering bed being about 
6 ins. 

The filtering tanks are securely bound with 
tie rods, and before use the woodwork is im- 
pregnated with light tar-oil. As it drains from 
the filters, the phosphoric acid liquor is caught 
in a wooden launder, common to the series 
of outlets on the filter tanks, and is conveyed 
by it to wooden lead-lined tanks in which 
strong liquors and weak washings are kept 
apart. 

The strength of the sohition at first draining 
from the filters is about 30°Twad. (sp.gr. 1*160). 
The flow must not he allowed to proceed too 
rapidly, as if the bed of gypsum or ‘ sludge ’ in 
the filters is allowed to dry it will crack on the 
surface, and a very imperfect washing will he 
the result. A spray of water is run over the 
gypsum by a perforated pipe running along the 
higher side of the filter tanks. This spray is so 
regulated as to keep the sludge covered with 1 
or 2 ins. of water until the end of the 
operation. The upper surface of the g 3 q)sum is 
carefully raked every few hours with a wooden 
mud-rake, so as to fill up any cracks through 
which the washing water might find too ready 
an exit. The spray is continued until the 
effluent washings are 2°Twad. (sp.gr. 1*010). 
The water is then turned off, and the sludge is 
allowed to dry, being finally piled up to permit 
the last trace of washings to drain from it. The 
gypsum is then removed from the filter tank to 
undergo artificial desiooation. 

The phosphoric acid draining from the filters 
is considered ‘ strong liquor ’ until it falls below 
10“Twad, (sp.gr. 1*050), and tlu.s first fraction is 
reserved for concentration. The latter fraction, 
between 10°Twad. and 2°Twad. (sp.gr. T050 
and 1*010), is employed partly for the decomposi- 
tion of a further lot of phosphate, as has been 
described, and partly for the first washing 
upon the filter before the water spray is turnofl 
on. Both fractions are blown by means of 
Korting’s or other elevator, such as an ‘ acid 
egg,’ to stock tanks, from which the evaporating 
vessels, and the decomposer or filters, can ro- 
1 -- --"-.plied by gravitation. 

of the gypsum, sludge. The 
wet sludge removed from the filters contains 
water, phosphoric acid, and undecomposed 
calcium phosphate in quantities varying accord- 
ing to the care bestowed on the operations 
described. The sludge may he dried upon a bed 
formed of fireclay-covers over flues heated by 
any available waste heat. When sufficiently 
dry, the gypsum is passed through a sieve to 
break up the larger lumps, and is in this state 
sold to manure makers as a dryer for super- 
phosphates ; or it is used to fix the ammonia in 
the’’ compost heaps of the farmer, and for other 
purposes. 
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id) Gonccnlration of ‘phosphoric acid liquor 
from the filters. This may be accomplished 
either in shallow rectangular wooden tanks, 
lined with 10 lbs. lead, and provided with lead 
pipes (1| in. diameter, and 20 lbs. lead to 
1 ft.) through which high-pressure steam is 
allowed to pass ; or it may bo performed in a 
cast-iron saucer-shaped i^an, also lined with lead 
and having steam coils as before. During eva- 
poration the liquor is maintained in motion by 
an agitator, provided with arms, and driven as 
usual by power. The latter system is the one 
to be preferred. Agitation of the liquor during 
concentration, = I - - - - the evaporation, 

prevents the . " ' > ■ gypsum on the 

steam coils, a result which in 

any unstirred evaporator. ' i “b \ ' ■ , if 
allowed to form, becomes extremely hard and 
difficult to remove without injury to the lead 
pipes. 

The stronger phosphoric acid from the filters 


— ^that above 10°Twad. — ^is allowed to flow by 
gravitation from the stock tank to the evapora- 
tor, to be concentrated till the clear yellow- 
coloured phosphoric acid attains a strength of 
from G5°Twad. to 100°Twad. (sp.gr. 1-.325 to 
1'500), according — as will be ’ — 
plained — ^to the selected metho ! ■ i' '> ^ ' 

treatment. During the evaporation nearly all 
the calcium sulphate held in solution is pre- 
cipitated, so that the concentrated acid liquor 
retains only a very small quantity of lime. 
Almost all of this lime ultimately deposits as 
sulphate after settling in the stock tank. As the 
phosphoric acid liquor becomes more and more 
concentrated, some of the free sulphuric acid 
which may bo present is expelled during the 
evaporation — the steam or vapour from the 
evaporator having frequently a strong acid 
reaction. The following are some analyses of 
phosphoric acid liquor.s at various strengths 
made from phosphates which are not named : — 



Strength 


58°T. 

6fl“r. 

72°T. 

86°T. 

90°T. 

Uncombined phosphoric acid (PaOo) • 

19-30 

27-60 

29-20 

34-02 

: 36-44 

Combined phosphoric acid (PoOg) 

4-08 

3-61 

3-CO 

4'4;0 

4-80 

Sulphuric acid (SO 3) 

2-47 

1-40 

0-70 

— 

1-39 

Alumina and ferric oxide, &c. . 

1-92 

2-56 

— 

3-26 

3-61 

Lime ...... 

— 

1-00 

— 

0-84 

[ trace 

Water ...... 

71-63 

63-83 

06-60 

67-48 

63-76 


lOO'OO 

100-00 

100-00 

100-00 

100-00 


The gypsum deposited in the evaporators 
or in the stock tank may either be washed by 
itself on a small filter, or it may be removed to 
the large acid filter, and bo washed along with 
’.1: If conveniently 

■■ more economical 

method. 

The concentrated acid is cooled in lead-lined 
store tanks, where, as has been said, the last 
traces of calcium sulphate are deposited, and 
the acid is then ready for the next operation of 
mixing with carbon and drying. 

(e) Mixture for the retorts. The concen- 
trated phosphoric acid may now be mixed with 
coarsely-ground wood charcoal, coke, or saw- 
dust, and carefully dried in a cast-iron pot or 
muffle furnace. Sawdust absorbs a large 
quantity of liquor, so that when it is employed 
concentration of the acid liquor to the minimum 
sp.gr. of 1-320 is -’•'^d, when thus 

saturated, it can ' ■ . without loss 

through sweating. 

On the other hand, its greater bulk and low 
specific gravity present objectionable features. 
If sawdust bo employed, the mixing may be 
accomplished on a clean brick or asphalt floor 
andf’ ' ■’ , ■ ■■ he carefully charred 

in a ■ 

If coke or charcoal be used, the preliminary 
concentration of the phosphoric acid to a syrupy 
consi.stence is indispensable, and the mixing 
should be done in a cast-iron pot, in which the 
charge is subsequently dried by fire-heat from 
beneath. The amount of fixed carbon required 
is about 25 p.c. by weight of the concentrated 


acid liqxior. Great care must be taken with the 
drying of the charge. The heat must be regular 
and not too high, and when it is completed the 
charred mass mxist be carefully preserved from 
air in malleable or cast-iron boxes provided 
with closely-fitting lids, and conveniently 
situated for the retorts. 

(/) The description of the clay retorts, their 
manufacture, and details of the clay employed. 
The retorts in which the charred mixture is 
distilled are made of '' fireclay. 

The retorts are shaped mu ■ ■ ' bottle. 

The accompanying .seotio; . . s .! show 

the appearance they present. 



Fia. 1. — PHOSPHontrs Rbtokt made op 
S'j.’O0BBiiiDGi!i Clay. 

The total length a to B is 3 ft. The in- 
ternal diameter is about 8 ins. The clay is 
about 1 in. thick, except at b, where it is about 
1| ins. The nock ' ■ '-nerod from 

0 to A, where the 'i !: I . ■ ■ is 3 ins. 

Into this narrow orifice a 2-inch mal. iron pipe 
leading to the condenser is luted, and can be 
easily removed to empty and charge the retorts. 

The retorts should be made at the phos- 
phorus works ; the clay employed is such as is 
u.sed for glass-house pots, and is tolerably free 
from iron, rich in silica, and comparatively low 
in alumina. The clay, as generally supplied 
from Stourbridge, b-; - nwA-iou-''y undergone the 
operation of ‘ v.-., ' f'':; many months. 


200 


PHOSPHOEUS. 


Tliis renders it plastic, more easily worked, and 
mucli more durable when made into retorts. 

A mixture which has been successfully em- 
ployed for the construction of retorts consists 
of two parts of the raw clay, finely ground, 
carefully mixed with one part of tho calcined 
clay coansely ground. 

The mixture is allowed to ‘ sour ’ or season 
for three or four weeks by incorporating it with 
water to a thick doughy consistence, and leaving 
it piled up in a low flat heap, about 16 ft. long 
and 3 ft. in depth, after which it is ready for 
moulding into retorts. The apparatus required 
for the latter is not very elaborate. It consists 
of a turntable or wheel, upon which the retorts 
are built, and a sheet-iron mould about 3 ft. 
long, divided into two lengths of about 18 ins. 
each, w'ith a fishing-rod joint to connect the one 
to the other. 

On the turntable a loose base-piece of plank, 
about 12 ins, square, is first placed, to sup- 
port the mould containing the soft clay retort 
during its removal to the drying room. Wooden 
beaters, and a flat circular disc, 6 ins. in dia- 
meter, with a shaft, like an old-fashioned churn 
stirrer, are also required. 

Before commencing to build a retort, the 
inside of the iron mould is smeared over with 
oil to prevent the clay adhering to tho iron. 
Tins done, the lower half of the sheet-iron 
mould (wMoh is about 1 foot in diameter) is 
placed on the square board surmounting the 
turntable (a small quantity of sand having been 
first sprinkled over the board). The clay in a 
tough plastic state is introduced into the mould. 
This is worked by the hand to the shape of the 
bottom part of the retort. The clay is well 
beaten to the side with the wooden beater, 
and the bottom is pressed hard down by a cir- 
cular disc. When the lower half of the retort 
is constructed in the way described, the upper 
portion of tho iron mould is then jointed on, 
and this is likewise built up with clay in tho 
same way until the whole retort is completed. 

Some skill is required in making the tapered 
neck, but experienced workmen have little 
difficulty in doing this. The retort with the 
mould is now ready for removal to the stove- 
room, which should adjoin the retort house. 
The temperature in the heated room is main- 
tained at 90°F. by means of flues below the 
floor. After remaining about a week in this 
room the retorts have shrunk sufficiently to 
admit of the moulds being withdrawn. When 
this is done, the outer sldn of the retorts which 
was next the moulds has its hollows carefully 
filled up with damp clay. The retorts are then 
washed mth a tliin emulsion of clay and water 
until tho outer surface is smooth and free from 
cracks or holes. They remain in this room for 
at least 3 weeks longer, or until they are re- 
quired for use. Retorts with cracks or flaws 
are here rejected. 

When starting a new bench of retorts, or 
when restarting a furnace that has been off for 
repairs, tho retorts may bo taken direct from 
the stovohouso and placed in the cold furnace. 
The fire is lighted, and tho heat gradually raised 
to tho temperature necessary for the manufac- 
ture of phosphorus. 

In actual worlc, however, it is a common 
experience to find two or throe retorts in a fur- 


nace broken, and, in order to replace these 
without interruption of the usual work, it is 
necessary to take the required number of new re- 
torts from the stove-house, and place them in a 
special lain, to be slowly heated to the tempera- 
ture of the working furnace which contains the 



Fig. 2, — Phosphokus Fttenacb. 
(Side elevation.) 



Fig. 3. — PHOSPHORtrs Ftjrkaoe. 
(Front elevation.) 



Fig. 4.— -PiEosPHOEtrs Fuenack. 
(Transvenso section through A- B, Fig. 2.) 


0. Phosphorus retorts, n, d'. Pii)eH l(j condeuKor. 
B. CondensiuK trough. 3?. Dampers. o. Spyholes, 
n. Fire door. 

broken retorts. When this temperature has been 
attained, tho now retorts are quickly removed 
from tho kiln and are placed in tho working- 
furnace, the broken ones having of omirKO bcutn 
first removed. 

(g) The Phosphorus Fiirnai'.e. Tho furnace 
used in the distillation of phosphorus is of tho 
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galley type, similar to that emxjloyed in the dis- 
tillation of zinc by the Belgian process. A con- 
venient size holds twenty-four retorts, twelve 
on each side, arranged in two tiers — that is, six 
retorts on each tier. The retorts are i>laced 
back to back, their necks protruding ahghtly 
(1 in.) through the side walls of the furnace. 
The closed ends of the retorts are supported by a 
9-inch wall, having fireclay covers built into it 
over the spaces into which the ends of the 
lower tier are inserted. This wall divides the 
furnace longitudinally. The furnace measures 
about 12 to 13 ft. long and about 7 ft. broad, 
outside dimensions. The firegrate is 5^ ft. in 
length by IJ ft. in breadth, and the firebars 
are made of 2-inch square wrought-iron. Over 
the firegrate, about 2|- ft. above the bars, a 
4|-inoh firebrick arch is thrown. This arch 
has six ports on each side, corresponding to the 
six retorts, and these are so placed that the fire 
ascends between each pair or retorts. The arch 
extends from end to end of the furnace. Upon 
the top of this arch the 9-inch wall previously 
mentioned is built. Tliia wall is about 2 feet in 
height, and is sufficiently high to allow the ends 
of the upper tier of retorts to rest on the top of 
it, the ends of the lower tier resting on covers 
built into the wall about G ins, above the arch 
which covers the fire. The outer walls of the 
furnace are 9 ins. thick, and the outer arch 
which incloses the whole is also made of Orinch 
firebrick. The retorts are, in fact, simply sus- 
pended in what is practically two flues in one 
furnace, the walls of which are the outer walls 
of the furnace and the 9-inch central dividing 
wall. 

The furnace must be very firmly bound, both 
longitudinally and transversely. Tins is all the 
more required as the walls of the furnace must 
necessarily be thin, and, moreover, each retort 
has a 12-inch square port-hole through winch it 
is primarily introduced into the furnace. All 
these circumstances, tending to weaken the side 
walls, point to the necessity of securely and 
aubs-^— 1 i--:- ■'tirnaco. 

/i ■ ■■ ■ . (Pigs. 2, 3, and 4) 

win ■ . : ruction and arrange- 

ment of tne furnaces and side condensing 
troughs. 

The heat from the fire ascends through the 
ports of the 4J-inch arch described above, and 
passes through the chambers in which the 24 
retorts are hung, and then it escapes through 
0 ports of the upper 9-inch arch to small flues 
built on either side of the top of the furnace. The 
products of combustion now travel along these 
flues and descend at the back of the furnace 
furthest from the fire to the main flue. If re- 
quired, this waste heat may be first utilised to 
dry the gypsum from the phosphoric acid filters. 
The firebricks used in the construction of the 
furnace must be of the very best description, and 
none but a most experienced furnace-builder 
shoxfld be intrusted with the erection of it. 
Dampers are placed on each of the upper port- 
holes, and a largo damper whore the two small 
flues unite with the main flue. Spyholes should 
be placed on the front wall of the furnace, so 
fliat the chambers containing the retorts can be 
conveniently viewed. This is a most important 
provision, and should in no case bo neglected, as 
frequently retorts are cracked, and there is no ' 


other means so simxfle as the spyhole to ascer- 
tain their condition. When starting a new furnace 
great care must be taken not to raise the heat 
so rapidly as to cause cracks in the walls, which 
would admit cold air and bo fatal to the retorts ; 
and, when the necessary heat has been attained, 
as much caution is required to maintain a steady 
temperature. Clay retorts are very sensitive to 
sudden changes of temperature, and the life of 
a retort largely depends upon its treatment in 
this respect. 

{h) The Dutillation. The 24 retorts having 
been placed in the port-holes in the manner 
described, their necks are built in with broken 
bricks and fireclay to prevent access of air into 
the interior of the furnace. The fire is now 
lighted and the heat very gradually increased, 
care being taken during this time to have the 
dampers oifly slightly open. After 18-24 hours 
firing the retorts shordd bo at a bright-red heat 
and ready for charging. This 
means of a scoop, made out of a 2 ' ■ 
iron pipe, which has been opened uj) and pro- 
vided "with a handle, l^he scoop is about 18 
ins. long, and made so as to enter the 3-inch 
neck of the retort without difficulty. 

The retorts hold conveniently about 20-30 lbs. 
of the charred mixture. It is advisable not to 
fin them more than two-thirds full. This does 
not take more than a few minutes to accomplish, 
and whenever it is done the 2-inch malleable 
iron pipe leading to the condenser should bo at 
once luted on. Various forms of condensers 
may bo emifloyed. A suitable arrangement con- 
sists in having long troughs on each side of 
and close to the furnace (as shown in Mgs. 2, 
3, and 4) made of light cast-iron, about 12 ft. 
in length by 18 ins., broad by 24 ins. 
deep at one end and 18 ins. at the other end. 
The lip of these tanks has a 3-inch flange on the 
outside, upon which the cast-iron cover is bolted. 
Twelve 3-inch cast-iron pipes with faucets pass 
through this cover, and dip an inch or two into 
the water with which the trough is partially 
fiUed. Those short pipes are so placed that 
the 2-inch malleable iron pipes before re- 
ferred to can be conveniently luted to their 
faucets, and thus connect the retorts with the 
condenser. 

The water in these troughs soon becomes 
warm with the hot gases bubbling through it. 
Tills is advantageous, as it prevents solid 
phosphorus choldng up the pipes. The 
bottom of the troughs being deeper at the 
one end than at the other causes the molted 
phosphorus to run down to the lower end, 
from which it can be removed from time to 
time by ladles. 

The incondensable gases are removed from 
the trough by a 10-inch pipe, and can either he 
sent at once to the stalk or connected with 
further condensing arrangements. Caro must 
be taken when charging the retorts to avoid 
spilling any of the charge into the condensing 
troughs, and to insure this it is well during the 
operation to employ sheet-iron trays which cover 
the open faucets. 

The luting used for the 2-inch pipes, both at 
the retort and faucet ends, ie - 

clay, with salt, or with a small , " ■ x 

added to prevent cracldng. After me retenas are 
all charged, the heat is raised to a temperature 
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approaching whiteness. The odour of sulphu- 
rous acid may then be detected in the escap- 
ing gases, especially if the charged mixture has 
not been sufficientiy dried. Sulphides are next 
discoverable, and lastly, in about two or three 
hours, pho.sphorus. The distillation should^ be 
completed in about 16 hours, and after wth- 
dra'wing the residues from the retorts and slightly 
cooling” the furnace, the charging can be recom- 
menced as before. Retorts, if carefully attended 
to, may last a considerable number of distilla- 

lloris. . „ „ It 

When the temperature is fully up and phos- 
phorus is coming off vigorously, the retorts 
should be examined by the spyholes, when the 
smallest flaw can be easily detected by the bright 
dazzling phosphorus flame which issues from 
the smallest crevice. When this is observable 
the retort should have its charge withdrawn, and 
the retort itself is then taken out and replaced 
by one from the Min heated to the temperature 
of the phosphorus furnace, as has been_ already 
described. There is no difficulty in doing tMs, 
as the ports are intended to permit this very 
operation. 

The chemistry of the process of preparing 
phosphorus from ----1 — -y be de- 
scribed as follows : ■ acid 

liquor (H3PO4), after being mixed with carbon 
and heated to a dull red heat, is resolved into 
metaphosphorio acid (HPOg), and when this is 
further heated to a high temperature in the 
retorts it is broken up by the carbon originally 
added and phosphorus distils over. The change 
may be thus represented : 

4HP03-l-120=2Ha+12C0-|-P4. 

An example of the yield, &c., from a known 
amount of pb.ospborte acid may be of interest. 

(bi.iiif-irics l.titiui : — 

502 lbs. of phosphoric acid liquor containing 
25'7 p.c. free P2O5. 

137 lbs. of coarse wood charcoal. 

These were mixed together and dried in the 
manner described. 

The dried mixture weighed 380 lbs. 

On distillation the following results were 
obtained : — 

Residue in retorts weighed 67 lbs. 

Yield of refined yellow phosphorus, 38 lbs. 

Theoretical 3deld, 56'2 Ibs.i (Yield = 67-5 
p.c.) 

{i) The Crude Phosphorus. The phosphorus 
obtained in the condensers varies very much in 
appearance from a pale buff to a brick-red 
chocolate, or nearly Mack, colour. The colour 
is no doubt due to impurities, as well as to the 
presence of lower oxides of phosphorus and 
amorphous phosphorus. If condensed in cold 
water, it resembles the raspings of cork and 
floats on water. The crude product is ladled 
out of the condensing trough into malleable iron 
boxes provided with handles, in which it is 
carried to_ the refinery. _ Phosphorus in this 
condition is much more inflammable than it is 
in a pure state, and great care must be observed 
in the handling of it. 

0) The Refining. There is always more or 
less sand and clay mingled with the crude phos- 
phorus, partly due to the unavoidable dust in 
the furnace-house and also to the luting. To 

’ Prom phoaplionis in free PoOg. 


get rid of this, it is advisable to fuse the crude 
product under hot water, and, after a thorough 
stirring with a wooden rake, to allow the mass 
to solidify, when it can be easily broken uq) with 
chisels, and is then of a uniform chanuster. 

The sand, clay, &c., mixed very frequently 
with some phosphorus, are left on the upper 
surface in a loose pulverulent condition. If 
these impurities are found to contain phos- 
phorus, they may be distilled in an iron rctiu't 
and the phosphorus recovered. 

The solidified phosphorus is now ready for 
refining. The method described in text-books 
is to squeeze the melted phosplxorus through 
chamois leather. A more rapid method is 
either to distil it in an iron retort or to refine by 
the use of chromic acid. The last method is 
probably the one most to ho recommended. 'I’o 
carry out the refining by this proce.s.s the crude 
phosphorus is first fused under water in a small 
lead-lined agitating pan provided with a lead 
steam-coil, and from 3-4 p.c. of potassium or 
sodium dichromate (previously dissolved in water 

is added. Sulphuric ac’l ’■ ■ p -'r 

tion is next run into the , 
left to mix for 2 hours O' ■ ■ i .1 

the phosphorus should be of a pale-yellow colour 
and almost transparent. The chrome liquors 
are now carefully syphoned off, and the phos- 
phorus then receives a washing •wfith hot water, 

after which i'" " ,nd rapidly filtered 

through a ■ ' , ,■ ,■■■ j to remove the 

mechanical impurities. The phosphorus is now 
ready for moulding. 

(ic) The Moulding. The phosphorus molted 
under hot water may now be cast into * wedges,’ 
or made into ‘ sticks.’ The ‘ wedges ’ or ‘ pains ’ 
(of the Trench manufacturer) are easily made. 
The liquid phosphorus is ladled under hot water 
into tin mo-ulds lOJ ins. diameter by 4i ins. 
deep, standing in a row in a shallow trough, and 
while still liquid a star-shaped arrangement, 
made a-lao of tin, is dropped into the mould. 
The object of this is to divide thfj circle equally 
into 10 sectors or wedges. On solidifying the 
phosphorus by running in cold water into tlio 
trough and then removing it from the mould, 



Fig. 5.— Section oe AppARATtrs imn Motjo>iw<j 

PhOSPHOIITO INTO STIfiKS, 



Fig. 6.— Plan op Colo Water 'I’ank eoei 
Moulding Pho.sphoru.s into Sticics. 


A. Pot, for mtslMna phoaphoruH tmdi-r wafer, if. Ip)?, 
water tank heated with steam coil. e. CoPi water ( aitl, 
flansed to p. n. Ooelc for (iseapeof liquid ptio-iidionis! 
B. Metal tubes. (Same letters .apifly lo 5 


10 separate wedges are obtained in a convenient 
form for packing, each wedge weighing about 
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2 lbs. To admit of easy removal of the phos- 
phorus, the tin mould divides into 2 parts and is 
made tight by india-rubbe ■ ‘ ‘ . ■ ' " ■ . &c. 

If the phosphorus is ■ - i of 

‘ sticks,’ the fused element is drawn through 
glass tubes in an apparatus illustrated by the 
sketches (Pigs. 6 and G). 

Another method of moulding is to run the 
liquid phosphorus into j 1 tin tubes 

made of a length to sv ' ■ ■ ' ■ | ing-cases. 
The tubes are closed at one end by corks, 
and are set (corked end down) in troughs con- 
taining hot water, when the tubes are filled with 
the molten phosphorus. Gold water is run into 
the trough to solidify the latter, which is then 
removed from the moulds. 

(Z) The facJcin^. The ‘ wedges ’ are packed 
along with water in tin cylinders, holding 60 
Idlos. of phosphorus. The dimensions of the 
cylinders are 22 ins. deep by 11 ins. 
diameter. The lids (11 ins. diameter) are 
loose, but fit tightly inside, and have a |-inch 
Irole, through which water is poured after the 
lids are soldered on. These sma,ll holes are 
finally soldered up, and the cylinder is thus her- 
metically sealed and completely filled with water. 
Another size of case sometimes employed holds 
25 kilos. ; it is 12 ins. deep by 11 ins. 
diameter. 

The tin packing cylinders should bo provided 
with three wire handles — ^two opposite one 
another — at the upper part, and the third lower 
down near the base. These are found convenient 
in handling. 

The sealed tins are now packed along with 
sawdust in rectangular wooden boxes 24 ins. 
long by 12|: ins. broad X 12J ins. deep. 
The wood is pine -Ji- in. thick. The boxes 
should be strengthened with hoop-iron at the 
edges. The sawdust is tightly rammed down 
between the tin case and the side of the box, 
and thus makes a firm and safe package. 

When exporting phosphorus to certain coun- 
tries — e.y. Germany — the wooden boxes require 
to be further packed in canvas, and iron handles 
must bo tightly fixed to either end of the box 
for convenience in lifting. 

The ‘ stick ’ phosphorus is packed along 
with water in tins which hold 10 lbs. each. The 
tins are 7g- ins. long by 6|j- ins. diameter; 
each one holds about 90 sticks (7^ ins. long 
by h in. diameter). 

The lids, &c., are soldered on as before de- 
scribed. These tins are further packed as in 
the case of ‘ wedges,’ in wooden boxes holding 
ten in a box. 

(a) Other proposed methods of manufacture, 

T)- -. tnix lead phosphate 

! ■ : ■ ■ i ■ with nitric acid and 

■ ■■ :!' ■ ■ ■■ ■ ■ .. ! icetate) wdthfinely- 

. ; stil for phosphorus. 

(2) Heck proposed to combine the manu- 

facture of phosphorus with that of glue and 
gelatin. By this method the bones, freed from 
Eat, ; ■■ ■ -with weak hydrochloric 

acid, ■ ' • out the calci'::" jih:j.-;')h 

leaving the cartilaginous matter in - .hibic. T-it- 
acid phosphate liquor is evaporated, mixed with 
carbon, and distilled in suitable retorts. 

(3) B. 0. Mantrand (Eng. Pat. 1166, May 25, 
1864) patented a method, of preparing phos- 
phorus by decomposing an intimate mixture of 


calcium phosphate, carbonaceous matter, and 
silicious matter at a bright red or white heat in 
an atmosphere of hydrochloric acid or cldorine 
gas, when i)hosphorus, phosphoretted liydrogen, 
carbon dioxide, &c., distil over. 

(4) Wohler suggested the method of decom- 
posing calcium phosphate with silica and carbon, 
and dislilling. 

(6) 1 Gentele, in 1857, published a plan of 
phosphorus manufacture combined with the 
preparation of sal ammoniac. He treats the 
bones with hydrochloric acid. To the resulting 
solution crude ammonium carbonate is added. 
The precii)itated calcium phosphate so obtained 
is employed in the preparation of phosphorus, 
while the solution of ammonium chloride is 
evaporated and sublimed for sal ammoniac. 

(6) 1 Gerland (in 1864) suggests the treatment 
of bones mth an aqueous solution of sulphurous 
acid. 

(7) 1 Minary and Sourdray (1865), proposed to 

v’-.- ."I a mixture of iron 

: • ■■ ■ ■ ‘ . coke. 

= :■ ■ ■ , ■ ers patent have been 

taken for the following methods of preparing 
phosphorus : 

R. Lammy (Eng. Pat. 311, 1857) grinds 
ammonium phosphate with carbon, dries, and 
distils, producing first ammonia and then 
phosphorus. 

R. A. Brooman (Eng. Pat. 2294, 1864). 
Silica, iron, and coal are added to calcium phos- 
phate in such proportion that silica can form 
with lime a fusible slag, and iron phosphide is 
obtained. This latter may then be heated to 
quick redness with sulphur, .sulphuretted hydro- 
gen, carbon disulphide, &c., &c., to obtain 

phosphorus. 

J. H. Player (Eng. Pat. 660, 1866, and 1064, 
1867) mixes phosphoric acid liquor evaporated 
to a thick paste with (1) spent tan or (2) -with 
coal or coke in fine powder. He then carbonises 
to remove volatile matters, and distils the rc.siduo 
in clay retorts in the usual way. 

E. Aubertin and L. Boblique (Eng. Pat. 
2458, 1867) (1) mixes fine ground calcium phos- 
phate with twice its weight of silica and 25 p.c. 
of coke, and heats to orange-red or white heat, 
when phosphorus comes off without fusion. No 
apparatus is described, 

Claude Brison (Eng. Pat. 3616, 1868) patents 
the employment of a blast-furnace and blowing 
engine in the manufacture of phosphorus, and 
also the admixture in the blast-furnace of the 
fuel with the materials for producing the phos- 
phorus. ‘ The mixture employed by preference 
f V producing tbc phosphorn.s consists of calcium 
■..■■•p'l.ilo, and carbonate of soda; the 

whole thoroughly desiccated.’ 

E. Aubertin (Eng. Pat. 1693, 1870) secured 
a further patent for producing phosphorus from 

calciu"' ''’ioa, and carbon. 1st 

proces- ■ !’ in a furnace or retort 

at a ■ ■ r 2192° to 2404°E. 2nd 

•process : By fusion. Apparatus in this case 
is by preference a ‘ Eluss-ofen ’ blast-furnacb, 
and the temperature is 2192°-2932°P. 

J. H, Player (Eng. Pat. 3501, 1872) proposes 
to utilise the waste gases from the retorts by 
passing them through a solution of copper 
sulphate, whereby copper phosphide is obtained. 

' Wagner’s Chemical Technology, p. 044. 
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J. Townsend (Eng. Pat. 1862, 1872) distils 
Redonda phosphate either along with carbon 
and a flux of common salt or borax, or with a 
mixture of potassium and sodium sulphates, and 
so obtains phosphorus. 

J. P. Serve (Eng. Pat. 49, 1879) employs a 
furnace — either a reverberating or blast-furnace 
— or retorts, and claims (1) ‘ the preparation, 
in_ the form of blocks or bricks, of intimate 
mixtures and in suitable ])roportions, of phos- 
phates of lime, &c., &c., and of silica or other 
silicious body bound or held together by a car- 
buretted body such as tar-pitch or coal.’ (2) 
The extraction of the phosphorus from the 
blocks or bricks. (3) a special construction of 
blast-furnace and condensers. 

_ A. NicoUe (Eng. Pat. 1693_, 1888) decomposes 
min'" ’ ' ith nitric acid, and treats 

Ibe .. . ■ with potassium sulphate. 

He then filters from the calcium sulphate which 
is precipitated, and treats the filtrate with 
mercurous nitrate, thus obtaining mercury 
phosphate. This is washed, dried, and distilled 
with carbon, when mercury is first obtained, and 
then phosphorus. 

_J. B. Readman (Eng. Pat. 14962, 1888) 
claims the application of heat produced by pass- 
ing ap _ electric current through the materials 
containing phosphorus placed in a closed furnace. 

Parker and Robinson (Eng. Pat. 17719, 1888) 
claim the employment of electricity on similar 
line- f- ■ atent. 

■ ■ ■■■ ■ . ■ (Eng. Pat. 13240, 1890) for 

a process for the simultaneous manufacture 
of phosphorus and of alkaline silicate — (1) by 
heating a mixture of the phosphate with one or 
more alkaline sulphates or carbonates with or 
without the addition of silicic acid or a flux in a 
reverberatory furnace, or in retorts within a 
regenerative gas-furnace, lixiviating the result- 
ing nias.s, ‘"'d -j--- -. solution to obtain the. 

alkaline heating a mixture of 

the alkaline phosphate so obtained with silica 
and carbon in retorts placed in a regenerative 
furnace,^ thereby effecting the simultaneous 
production of phosphorus and an alkaJine 
silicate. 

Ooignet (Eng. Pat. 2970, 1891) claims im- 
provements in the moulding of phosphorus to 
avoid the carriage of much water in the pacldng 
cases. 

The author has conducted a large series 
of experiments _(«. J. Soc. Chem. Ind., vols. 9, 
10), with the view of obtaining phosphorus by 
distillation direct from the raw phosphate of 
lime, without the employment of sulphuric 
acid at all or the preparation — as an inter- 
mediate stage— of phosphoric acid. He has ^ 
proved conclusively that silica in the form of • 
sand, ganister, or flints intimately mixed with ] 
calcium phosphate and carbon, in suitable pro- ’ 
portions, is capable, at a high temperature, of 
effecting the decomposition of the phosphate, < 
oxpelhng practically aU the phosphorus con- i 
tamed in the mixture, leaving, as a residue, a c 
fluid slag. Further, that with adequate con- t 
i appliances a very largo proportion of r 

, ■ ■ be collected. ,1 

■■■ been obtained t 
ly the ' . ther phosphates, such as 

phosph ■■ ■. , &c., provided fluxes c 

suitable tor each case are employed. s 


s Retorts were found unsuitable for the distilla- 
1 tion, both on the score of economy and dura- 
a bility, and the blast furnace, which was tried 
i for some time, presented many practical diffi- 
culties in its working. 

1 The success of the application of electricity 
e to the production of certain metals and alloy.s, 
, notably those of aluminium, led him to try that 
3 source of energy for the production of pho.s- 

- phorus, and the re.sult has been that the author, 
r along with T. Parker (who applied for letters 

- patent only a few weeks after the author’s appli- 
) cation) (Readman’s patent, 14962, Oct. 18th, 

J 1888; Parker and Robinson’s patent 17719; 

£ Dec. 5th, 1888) arranged for the erection of a 

large-' ’ .<-- 1 ..-■i-’- engines, dynamos, 

3 and ■ - . ■ turning out about 

1 40 cwt. of phosphorus per week. 

The object Avliich has now been successfully 
L attained in the new process, called the Rcadman- 
. Parker and Robinson system, is the continnoiia 
■ production of phosphorus direct from raw 
materials by means of the electric furnace, the 
heat being applied in and through the phos- 
phorus-bearing mixture in the furnace, and not, 
as in the case of distillation, in rotort.s, heated 
from the outside, involving, in consequence, a 
groat expenditure of fuel. 

The process is carried out as follows. Tho 
phosphate, carbon, and fluxes, in proper iiropor- 
tions and all carefully and intimately mixed 
together, are introduced (previou.sly heated to as 
high a temperature as possible) into the upper 
part of the electric furnace by means of a tight- 
fitting hopper arrangement, tho electric current 
is led to and from the furnace by copper cabins 
connected to large carbon electrodes situated on 
cither side of the furnace. The furnace itself is 
praoticafly an iron tank, lincsd inside with refrac- 
tory bricks, thus maldng a land of brick-sided 
trough about 18 inches square and 30 imihcs 
deep, closed_ at the top by the hopper referred 
to, and having an outlet pipe to the condenser 
placed on the upper part of tho side of the*, 
furnace. 

After the charging of the furnace, tho current 
is turned on, and soon indications of jiho-sphorus 
may be seen in the condensers. Tho gases 
escaping by the .side pipe pas.s on to a series of 
copper condensers, tho first of which contains 
hot and the others cold water, when they arc 
allowed to escape into the air. As tho phos- 
phorus is distilled off from the mixture the 
residue in tho furnace forms a liquid, slag, which 
fromtime to time is •'•“U'T-'' - ' 'h ’)ottom of 

the furnace, fresh ■ ■ ' , i ufixture 

being introduced by tho hopper at tho top pre- 
cisely as in blast-furnace practice, wliere doscfl 
tops are used. In this way tho operation is 
made continuous, and i.s carded on for days 
without cessation. 

The mixed materials, as introduced into tlus 
electric furnace, can bo liad to contain about 14 
p.c. of elementary phosphorus, and as tho weight 
of the slags from these is not so much as half 
tho weight of the original mixture, and us, 
moreover, the slag on an average, contains only 
about 1 p.c. of phosphorus, it wall lie apparent 
that the decomposition is remarlciibly complete. 

Tho crude jiliosphoru.s obtained in the. cton- 
donsers is refined in the way iireviously de- 
scribed. 
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_ advaiitiigfa ol ihis ptoucss may bo 
.‘•uiiiiaariHcid as i'oilowH. No .suljilmrio acid is 
'■f'jiJiiod, ,io neod to [ircparo and ouimcntrate 
pnosphuric aeiil, inucli less Jianclling of materials 

no lir(i-ciay retorts (ouployed, ! : ' — -i... ’ 

JU'OCI'SS, larger yields, and' less 
I'l lal. 


d’llj; PU(JJ)UCTI(}N OF Amojiwious Pnosi-HOEUS. 

An'.orpb .a- phosphorus in compact pieces is 
n nuKlerately hard 8ubstanco,i 

Homi‘wiiat resetnbling in appearance the boma- 
titij iron ore of Uumberland. It is opaque, with 
a slight nietullie lustre. It is brittle and easily 
broken, and exhibits a conchoidal iron-black 
Iraeture with sharj) edges. 

'Fiu! sp.gr. of amorplutus phosphorus is 2-25. 
£1 is without taste or Kiiu'll, is unattaeked by 
nio.-.f, solvents, and if taken internally is excreted 
unehanged. 

Amorphous jihosphorus, as met with in com- 
nieree, frefpieutly euutains .Hiaull quantities of 
ordinary plmsphorus, from about A p.e. down- 
%\’ii.rdfi according to J''r(!senius ; in”iuldition, it 
usually contains phoKi)liorie jieid, graphite, and 
other impurities, and lias generally an acid rc- 
uetiou. 

'I he. following is an analysis of amorphous 
pho;,phorus ; — 


Jflm.sphoruH . 

Per cent, (lleadniiin) 
. 93-44 

lTtnHX)hori(j acid 

. 3-58 

I'Vrrie oxid(< ami alumina 

. 0-78 

Alkalis, ciii’bou, loss, &c. 

. 0-84 

insuiuble in nitric acid . 

. 1-36 


100-00 


£h’oua(l amorphous phosphorus dissolves very 

e. 'ciily^ in nitrio acid on account of its state of 
otdi-dlvision, 

f'hlorino has no action on this variety of 
phospiJiorus unless the latter is heated, when it 
burns with a yellow flame. 

For ignition, amorphous phosphorus requires 
a temperature of at least 2‘1(F. 

(ft) The. apparalufi and proccfis. '!l'ho con- 
ver. -ion of yellow into amorphous phosphorus is 
effected by heating the former to a temperature 
bet ween 240" and 250" for some time. 

'riuj apparatus employed is a east-iron pot 
which is closed with a cover. A narrow tube 
open at both ends is screwed into the upper 
part, of the pot. 'Phis ae.ts as a safety valve, 
and avohis all risk of (sxplosion. 

If jiresHuro he employed within the jict find 
the. toiinieraturo e-KceeilH 300°, the yellow is 
transformed into amorxthouB pho.4phorus in a 
Vfuy short time. Tliore is, however, consider- 
.'tblc dtingor in this treatment which might far 
outweigh the economy in time. According to 

f. he, method used, when the conversion is effected 
in open iron vessels in which the air finds but 
limited access, the jiroeesH, though tedious, is 
free from all difliculty or danger. 

Ordinary phosxihorus may also bo cimverted 
into amorphous jjhosp horns by chemical action, 
as by heating it to 200° with a small quantity 
of iodine. 

1 'i'lie hardncHS of ainorpliouH pliospliorua litM 
hi-Kveeii ealcart'mis spar and lluor Kjiar. 

-■ .See Eng. Pat. IIJOPS, hy A. Albriglit, 1851. 


(6) The refining. The amorphous phosj)horus, 
obtained in the cast-iron pots, is in hard com 
pact lumps. Those are ground under water, and 
freed from ordinary phosphorus by boiling the 
ground jjowder with a solution of caustic soda ; 
it is then repeatedly washed with boiling water 
and carefully dried by steam heat. 

(c) The facldng. The ground red phos- 
phorus, dried in the manner described, is sent 
out in the dry state in tin boxes holding 10 lbs. 
each. 

PkOI'EETIES 03? 031D1NAEY PhOSPHOEUS. 

Phosphorus at the ordinary temperature 
is a pale yellow, soft and flexible, translucent, 
waxy-looldng solid, which becomes hard and 
brittle at temperature below 5-5°. It is ex- 
tremely inflammable, especially if not quite 
Xiuro, and must always bo kejjt under water. It 
has a great affinity for the oxygen of the air, 
with which it combin6.s directly. 

It also combines directly with chlorine, 
bromine, iodine, and sulphur, but not with 
nitrogen and hydrogen. 

I Phosphorus is luminous in the dark, and in 
a moist atmos^jbere a gradual oxidation takes 
place with formation, first of phosphorous acid, 
and ultimately of phosphoric acid, ozone and 
hydi'ogen peroxide being likewise produced at 
the same time. When exposed to dayliglit, 
under water, a whitish incrustation is forsaied, 
which hequontly becomes of a reddish hue. 
According to Baudrimont (Comx3t. rend. 61, 857, 
1866), the crust is formed only under influence 
of oxygen, and possesses all the usual properties 
of ordinary ijhosphorus. Sp.gr. at 16°, 1-82. 

Mdting-'poini, under water in an open vessel, 
43-3°; in closed vessel without water, phos- 
jihorus melts at 30°. In both cases, if left un- 
disturbed in a smooth glass vessel it may remain 
liquid at temperatures considerably below the 
melting-points, it distils at 269°, the vapour 
being colourless, and takes fire in air when 
heated to 34°. It is very soluble in carbon 
disulphide, one i)art dissolving 9-26 parts of 
pliosiihoruH, a slight amount of heat being 
developed, but on cooling to ordinary tempera- 
tures some of the phosphorus is prccipitatcid 
ill a crystalline form. 

Phosphorus is also very soluble in suliihur 
chloride, phosphorus triclfloride, and phosphorus 
sulphide. It is nearly insoluble in water. 

The following table shows ..f 

dilTeront solvents required to s ■ 

by weight of iihosphorus. The temperature of 
the solvent, unless otherwise stated, is 12° : — 


Benzene (90 p.c. sii.gr. 0-878) 
Chloroform 

Aniline .... 

Oil of turpentine 
Paraffin oil (sp.gr. 0-806) . 
Ethyl other (sp.gr. 0-725) 
Olivo oil ... 
Alcohol (sp.gr. 0-801) 

,, ,, ,, at 40 

Wood spirit (sp.gr. 0-846). 


Acetone 
Solution of '■ 
Liquor ami; 


k: {.-p. 1-36) 

,g!'. b-ssO) 


parts 
82-5 
. 83 

. 154 

. 162 
. 179 

. 203 
. 649 

. 764 

. 535 

. 1408 
862 
. 2702 
. 194 

. 3030 
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The ammoniacal solution becomes dark 
brown, and the surface of the phosphorus is 
coated with a brown-black deposit. W hen water 
is added to the greater number of the above 
solutions, the phosphorus is precipitated. 

Cold concentrated nitric acid dissolves phos- 
phorus. If exposed to the action of dilute nitric 
acid for some time its crystalline character 
becomes evident. 

Sulphuric acid (92 p.c. O.V.) does not dissolve 
phosphorus in the cold, but attacks it on pro- 
longed boiling. Phosphorus is insoluble in cold 
concentrated hydrochloric acid. 

Phosphorus fumes in the air, emitting a garlic- 
like odour. On exposure to air, it not unfre- 
quently melts and takes fire, and during com- 
bustion dense white fumes of phosphoric oxide 
are produced, which can be collected in snowy 
hakes. The burns produced by ignited phos- 
phorus are of a serious nature, and are very 
slow in healing, any unconsumed phosphorus 
left on the wound being most difficult and painful 
to remove. 

Phosphorus sometimes contains a small pro- 
portion of arsenic derived from the sulphuric 
acid used in the preparatioir of the phosphoric 
acid. If this be present in any quantity the 
refined phosphorus has a red or mahogany 
colour. Phosphorus is a powerful poison ; less 
than 2 grains are said to have caused death. 
Those who have to handle it frequently are 
liable to necrosis, wliich begins with the dis- 
integration of the jaw-bones, and ends with their 
total destruction. lU-fed and scrofulous persons 
are said to be specially aifeeted. It is rather a 
curious circumstance , that persons engaged in 
the manufacture of phosphorus do not appear 
to be affected by this disease. 

Phosphorus does not conduct electricity 
(Faraday). 

According to DeviUe and Troost, the vapour 
of ’■' ■ ■■’ ■ o.gr. of 4-50 at 1040°; it 
is ■ ■ , ■ , that there are four atoms 

in the molecule. 

Phosphorus is tough, and cannot be pul- 
verised ; but if melted under water and shaken 
until the fluid is quite cold, it is reduced to a fine 
state of division in the form of round pellets of 
various sizes ; an aqueous solution of urea or 
alcohol aids this formation. When heated with 
aqueous vapour to a temperature of 250°, 
phosphorus decomposes the water, phosphorous 
acid 1 /drogen being formed. 

. ■ ■ ■ to a small extent 

when boiled with water. 

Phosphorus i% vacuo volatilises at ordinary 
temperatures. It is not luminous in pure oxygen I 
at temperatures below 20° (Muller) ; but if mixed 
with a neutral gas, or if it be rarefied, then | 
luminosity is at once seen (Graham). The 
presence of mercuric chloride and of phenol 
(Polstroff and Mensching, Chem. News, 57, 71), 
and of certain gases, such as olefiant gas, sul- 
phuretted hydrogen, or the vapours of turpentine 
or other when present even in small quantities, 
prevent the glow of phosphorus. If hydrogen, 
nitrogen or carbon dioxide in which phosphorus 
has beeir exposed be brought into contact with 
oxygen it becomes luminous from the jihos- 
phorus diffused in the gas. 

Phosphorus at ■ . combine.s 

with most of the ■ ■ ' ' " , ihospbides. 


For example, if calcium phosphate rmd silica 
with carbon and iron (as ore or metal) bo heatctl 
to a high temperature, a very fusible iron iJhos- 
phide, Fe2P, can be obtained. 

Phosphorus, owing to its affinity for oxygen, 
is a powerful reducing agent. It precipitates 
copper, silver, platinum, palladium, and gold 
when brought into a solution of tire salts of 
these metals. 

Besides the red or amorphous, there aiq)ears 
to be a third aUotropic modification of phos- 
phorus — viz., metallic or rhomboheclral phos- 
■ ’ by heating the element in si^alcd 

metallic lead for sonic hours. 
On cooling, crystals are found permeating the 
lead ; these are separated by dilute nitric acid, 
which dissolves out the lead. This pliosphorus 
is a dark crystalline substance, sp.gr. 2-34 at 
15‘5°. 

H. M. Vernon (Phil. Mag., October 1891) 
states that a rhombic modification of pliosphorus 
exists, melting at about 45-3°, and of sp.gr. 
1-8272. It appears to be formed from the 
octahedral variety by slowly cooling it when 
liquid. 

Vacs of phosphorus and statistics of the trade. 
The chief consumption of phosphorus iit present 
is in the manufacture of matches, in which it is 
used as phosphorus sesquisulpffide. The so- 
called ‘ safety matches ’ which ignite on the 
box, have no phosphorus on the match itself, 
but have a thin layer of red or amorplxous phos- 
phorus on the sides of the box. 

Phosphorus is used in medicine in small 
doses. It is likewise employed in form of a 
paste for the destruction of rats and mice. It 
is also used in the laboratory, and in the imuiu- 
faeture of many organic compounds. 

Phosphorus as calcium phosphid*.- is one of 
the constituents of the material used for distrcs.s 
signalling at sea. 

Phosphor bronze, which is now oxtcusively 
employed in the arts, contains a small percent- 
age of phosphorus, which modilies the pi'opertieu 
of copper to a large extent favotirably when {)rc- 
sent in minute quantities, and unfavourably if 
present in more than 2-3 p.c. 

At the present time, most of the phnsphom.s 
manufactured in Europe is made by Mfiisrs. 
Albright and Wilson, Ltd., of Oldbury, Birming- 
ham, England, Messrs. Coignet and Lyons, 

France, and the Ghemische Fabrik Llrieshcfim- 
Elektron, Franlifort-a-Main, Germany, 'riicro 
are also one or more makers in IlusHh-t. ( 'aniida 
and the United States of America aro snpjfiicd 
by factories in each of those countrie.s. ,1. 11.11, 

Non-metallio Comi’oxjnij.s oir Phohi-hokuh. 

Hydrogen phosphides. Three of t com- 
pounds, PHa.PJ-r^, and P^HaCO, are known, the 
first being gaseous, the second liquid, at ordinary 
temperatures, and the last 8(jlid. 

Fhosphorus trihydride. ;■ L; r,' hydiv- 

gen, or phosphine, PH3, i- ; .;:,;i:y oiiioiucd by 
heating t'- -b ' . -■‘b ir:::; ■ f ' ■n-..- . -rhlniiig 

potash: ., ■: '-l-Pi-PHa-i-BKIJal'G,,, 

or by decomposing calcium phosifinde wi th wattn’ : 

3CaaP_a-[-12H20-4PH3-l-P,,+(iCa(IK4)j.. 

It is also fornuid by the action of diluf (.* acids 
on the pho.sphidcs of zinc, iron, tin, rrutgrK^sinm 
and aluminium (Liipke, Chem. Hoc. Abntr. 18!) I, 
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397 ; Matignon, Compt. rend. 1900, 130, 1391). 
Hydrogen plioHi)liide is also evolved when 
yellow phospliorus is acted on by warm water. 


1174) employ the following jjrocess for preparing 
the dil-yd' idi . A large three-necked Woulff’s 
botti-.-, .-ii lillcd with water, is freed 


by hydrogen peroxide, or by sodium hydroxide from air by a current of hydrogen supplied 

a -fi+.+.a/-! ivi -ntirtlr nt-»rl /-I i T^-ni n O' 


(Wcyl, Her. 1900, 39, 1307). 

As ill.!.', p’-'-pc’-i d, the gas contains a suffi- 
cient ' i dihydride, PaH4, probably 

produced by a secondary reaction, 

CaaPa+4HaO=2Ca(OH)a+PoH4, 

to render ' inflammable. When 


). through a tube fitted in one neck and dipping 

giis contains a suffi- just beneath the water, and is heated in a water- 
ride, PaH4, iJi’obably bath to 60°. C'.’ "- is then intro- 

eaction^ duced in lumps . _ grams through 

'OH)a+P.>H4 wide, funnel-topped tube fitted to the second 

inflammable.’ When neck and just dipping beneath the water The 
oMf-b l.iil.blft nr. evolved gases pass through a tube fitted to the 


,, . , „„ ovuivcu. iiuaco utiaa tiiLuuuu a. uuuc uijocu. uu 

the gas is • ■ . _ ■■ ’ , • f third neck to a test-tube, from which passes a 

entering the air gives rise to a vor^ ^ condensing-tube surrounded by iced 

phosphoric oxide oi inctaphosphoiic acid. Ihe water in the gas condenses in the 

gas also . i!.- p 1 c test-tube, and the hydride, PaH4, liquefies in 

-ijn 1 'iVn rr ^ condenser, about 2 c.c. being obtained from 

tho a kah: IvH2p0o+2K0H.=2H2+KaP04. of calcium phosphidl. The uncon- 

The sporitaneous inflammability may bo de- ^ oon- 

stroyedbydecotuposmg or conaonsingthedihy- taining hydrochloric acid, which decomposes 
drido by cxposuic to light, or by passage throng remaining P2H4 into the trihydride and the 

a tube cooled by a freezing mixture. hydride 

The trihydride may be obtained free from the / amvdride is a colourless lianid of sn.gr. 


dM.ydridc by dcrcomposiiig calcium phosphide 


The dihydride is a colourless liquid of sp.gr. 
1-007 at 12°, boiling, when not too suddenly 


e-onverts a y j^g^ted, at 57°-58° (735 mm.) (Gattermann and 
«i;!:yor;d(- mto the gaseous and. so d jpausknecht, Lc.). On exposure to hght, or under 

hydrides. It may be_ iireparcd pure by c ecom- action of hydrochloric acid, it decomposes 
posing phosphonium iodide with water, 01 pie- trihydride and the solid hydi'ide. Small 

ferably with potash, quantities of the dihydride impart spontaneous 

rH 4 l-t-K 0 H==PH 3 -|-KlH-H 20 inflammability to hydrogen, carbon monoxide, 

(Hofmann, Her. 1871, 4, 200). and other combustible gases. 

Very pure phosphine may readily and con- The solid hydride is obtained, as above, a.s a 
vonicntly bo piepared from a specially prepared yellow powder, by decomposing the dihydrffie 
mixture of calcium and aluminium phosphides with hydrochloric acid, or by the action of li^t, 
by the action of water, the process being com- or by treating calcium phosphide with hot 
plated by the addition of hydrochloric acid, hydrochloric acid, or by treating calciuru phos- 
'Wio <jnly iiupiu’ity in this case is a very small phide with water and allowing the gas formed 
auantitv of Puro hydrogen (Matignon and to come in contact with calcium chloride (btock, 
Tranuuy, Compt. rend. 1909, 148, 167). Eotteber and Longer, Her. 1909, 42, 2839). It 

Pho.snhine Is a colourless gas with an offen- ignites when heated in the air. 

, cmieU, Its density is 1-1829; it After exposure to the air, it acquims an acid 

8olidifie.s at —133-5° (Olzewski) reaction and the odour of phosphine. _ It is 
and hiis the critical temperature 52-8° and the quite stable in the dark, but in sunlight it 


critical pressure 64 atmospheres. — - — ; - , i,- j 

p' ’ y- Y bo mixed with oxygen In a vacuum it evolves pure phosphine, a,nd tins 

..I but if the pressure of tho is recommended as a method of preparing the 
mixture ho suddenly diminished, an explosion latter by Stock, Hottcher and Lenger (l.c.). The 
occurs. (Comparo also Lomoult, Compt: rend, red substance which reman^ behind is, accord- 
190'/ 145 374). The gas also takes lire when ing to these authors, PjjHo, produced tnus, 
fZlL'Kt Wu cSntel .rilh da., to nitvio aokl or 0]?„H.=CP,H,+6PH., The hjMe P.H, le 
if mixed with the vapours of clflorine or bromine stable in dry air,_ but in moist air it_ decomposes 
wiitor and is ’ hydrogen and forming phosphine and phosphoric acid. It 

phosphorus by , ■ ■ ■ i' sparks. Phos- cUssolves in liquid ammoma forming a black 

phinc is a very poisonous gas, a small quantity, compoimd var _ . _ , ® ween 

when breathed, producing in turn dyspnoea and and 


becomes red and evolves an inflammable gas. 


dciith. _ 1 • 

It is somowhiit soluble in Wiiter and is 
iibs/jrbcd by copper sulphate and ^mercuric ] 
(ihloride and bromide, forming ” ■ ■’ ’-’''Ir* 

of th(3 metals, and in some cas' ■ ' 

salts (Joannis, Compt. rend. , i’’.- 

1,899, 128, 1322, 1398; 129, 336; Rubcnovitch, 
i/nd. IH98, 127, 270; 1899, 128, 1398; Eibeau, 
i/jid. 128, 1452; Lemoult, ibid. 1907, 146, 1176). 


Similar black compounds are produced by 

water and is tho union of the solid hydride P12HB with am- 

und mercuric moiiia and piperidine (Schenck, Her. 1903, 3b, 
■’ '.’-’dr* 4202; Stock, ibid. 1903, 36, 1120; Stock, 

■ ■ -. Hottchcr and Longer, l.c.). 


0 om'p ounds of Phos'phorus and 
Nitrogen. 

A considerable number of these compounds 


Like amiimnia, it als/) combines with metallic exists. -nUriSA P N mn be obtained 

„.oh .» th„»o of by Uurkins 

minium, &c., and with hydrobromic ana . pentasqlpMdo with pure dry 


minium, m>., anu wiui nyuiuuiuiuiu 

hvdriodic acids to form phosphonium com 
, p i*. i_ .1 PI-T T 


prepiiratiou of many organic phosphorus com- Hoffmann, Ber. 1903, 36, 314; 

^’"‘Gattcrmami and llauslcnecht (Her. 1890, Stock and Gruneberg, ibid. 1907, 40, 2573; 
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StocK and Johannsen, ibid. 1908, 41, 1693). It 
varies in colour frona pure white to dark red, 
according to the time of heating in its preparation 
and has sp.gr. of 2-51 at 18°. At the ordinary 
temperature it is inactive, hut acts as a powerful 
reducing agent at a high temperature. It is 
decomposed by many metals and by water at 
180°. When heated in chlorine or oxygen it 
takes fire. 

Phospham PNaH(?) is obtained as an 
amorphous, light, white powder, insoluble in 
water and infusible at a red heat, when the 
product of the reaction of ammonia on phos- 
phorus pentaohloride is heated in the absence 
of air until fumes of ammonium chloride cease 
to be evolved (Besson, Compt. rend. 1892, 114, 
1264; Besson and Rosset, ibid. 1908, 140, 
1149). When dry, it is oxidised by heating 
in air, evolving white fumes; if previously 
moistened it decomposes thus ; 

3PHN2+9H20=3HP03-1-CNH3. 

Phosphoramide P(NHij)3 is obtained by the 
action of ammonia on phosphorus tribromide or 
triiodide at —70° (Hugot, Compt. rend. 141, 
1235). It is an unstable yellow solid which 
readily decomposes at 0°, forming phosphorimide, 
Pa(NH)3, a brown solid which decomposes on 
heating into ammoh , ■ ■ . ■ I phosphorus 
{v. also Stock, Ber. 'i:;, ;)i.. j i"-; . 

Phqsphamide (phospJiodiamide) P0(NH)NB[2 
is a white powder obtained by the action of water 
on the product of the action of ammonia on 
phosphorus pentaohloride : 

P0l3+4NH3=(NH2)2PCl3-h2NH4Cl 

and 

(NH2)2PCl3-fH2O=P0(NH)NH2-l-3H01. 

Phosphqryl triamide {pTiospJiotriamide) 
PO(NHa)3is a wliite amorphous powder obtained 
by the action of dry ammonia on phosphorus 
oxychloride (SchifC, Zeitsoh. bfientl. Chem. 6, 
609). 

Phosphorus diamide POH(NHa)a is obtained 
by the action of ammonia on a solution of 
phosphorus oxide in ether or benzene. It is a 
white powder winch dissolves in water with 
incandescence and is violently decomposed by 
dilute hydrochloric acid, forming phosphine, 
phosphoric ar:l i;. -d Is, ammonium 

chloride and ‘ ■ ■!. , r ■ ■ and Tutton, 

Ohem. Soc. T; o . '“■■•I, li;:.,. 

Phosphamidic acid or amidophosphoric acid 
P0*NH2(0H)2, is formed by the action of dry 
ammonia on phosphorus pentoxide (Biltz, Bor. 
1894, 27, 1267) ; or the potassium salt of the acid 
is obtained by the action of potassium hydroxide 
on the corresponding phenyl ester, the free acid 
being formed by the decomposition of the lead 
or silver salt by sulphuretted hydrogen and 
precipitating it from the filtrate with alcohol 
(Stokes, Amer. Chem. J. 1893, 15, 198; 16, 164). 

It forms colourless microscopic crystals having a 
sweet taste and forming both normal and acid 
salts. 

Diamidophosphoric acid PO(NH2)20H, is a 
crystalline compound obtained in the same way 
as the foregoing acid (Stokes, Ber. 1894, 27, 
566). It forms the silver salts (NHo)2pO'OAg 
and (NHAg)2P(OAg)3. 

A number of imido phosphoric acids have 
also been prepared (Stokes, Amer. Chem, J. 
1890, 18, 629 ; 1898, 20, 740). 


Phosphoryl nitride {phosphomonamide) 
PON is obtained wl ■: ■’ ’ ' I is heated 

to redness out of ■■ i Several 

phosphamic acids, and amides containing 
chlorine, are also known {v. Gladstone, Chem. 
Soc. Trans. 1864, 225 ; 1865, 1 ; 1860, 1 and 
290; Salzmann, Ber. 1874, 7, 494; Winter, 
J. Amer. Chem. Soc. 1904, 26, 1484 ; Stokes, 
Amer. Chem. J. 19, 782). 


G ompounds of phosphorus and 
sulphur. 

Several liq^uid and solid sulphides, all of 
which are very inflammable and more fusible 
than either of the constituent elements, are 
known. The liquids SP^ and SPg are not 
compounds but only solutions of sulphur in 
phosphorus (Boulouoh, Compt. rend. 1902, 135, 
165 ; Stock and Bezhold, Ber. 1908, 41, 657 ; 
Stock, ibid. 1909, 42, 2062). The solid sulphides, 
P4S3, PsSg, and P2S5 are obtained by carefully 
heating sulirhur with amorphous phosphorus. 
The composition PaSo (Dupre) or P2S12 (Berze- 
lius, GmelinA Handb. 2, 218) has been assigned 
to a body obtained in rhombic sulphur-like 
crystals by solution of sulphur in sulphur di- 
phosphide. According to Bamme (Ber. 1879, 
12, 940, 1350), the crystals are merely sulphur 
containing phosphorus (c/. Boulouoh, Compt. 
rend. 1906, 143, 41). 

Phosphorus pentasulphide PgSg, which is 
employed in the preparation of organic sulphur 
compounds, is produced by gently heating a 
mixture of excess of powdered roll sulphur and 
amorphous phosphorus. A small portion of the 
mixture is first heated in a stream of carbon 
dioxide until reaction sets in. The source of 
heat is then removed and the rest of the mixture 

is added in , 'Vfter cooling, the 

mass is extrs ■ ■ sarbon disulphifie 

(Stock and - ■ ■ . ■. 1908, 41, 558). 

The product torms a greyish-yellow crystalline 
mass, winch may be obtained in transparent 

crystals by sublimation. * I’’';; h 

and Thiel (Ber. 1905, 38,. ;'V . 

sulphide exists in at least ■ . 

The ordinary compound melts at 274°-27()° 
(Meyer, ibid. 1879, 12, 610), and boils at 519° 
at 734 mm. pressure (Goldschmidt, ibid. 1882, 
15, 304). The other modification melts at 
about 255°, is more soluble in carbon disulphide 
and can be obtained by the distillation of the 
ordinary sulphide vacuo and rapidly cooling 
the product (Stock and Scharfenberg, l.c.), 

Phosphorus pentasulphide dissolves in liquid 
ammonia forming ammonia 
compounds from which i;- bio. 
acid has been obtained (Si; .d., lie!.’ lOoi-, fi-.', 
1967). 

Phosphorus sesquisulphide P4S3 forms rhom- 
bic prisms, m.p. 166°, b.p. 380°. It is easily 
inflammable and is slowly decomposed by 
boiling water forming sulphuretted hydrogen, 
phosphine, and phosphorous acid (Clayton, 
Chem. Soc. Proc. 1902, 129 ; ibid. 1903, 231 ; 
Mai and Scheffer, Ber. 1903, 36, 870). 'J.'hc 
commercial product sometimes contains free 
Ijhosphorus, the presence of which can be 
detected by passing a current of hydrogen over 
the sulphide when, if phosphorus is present, tlui ' 
issuing gas will burn with a green flame. 

In carbon disulphide solution, phosphorus 
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sesquisulphide absorbs iodine forming P4S3I2, 
orange-yellow crystals, m.p. ll9-5°— this com- 
pound can be used as a means of detecting the 
sesquisulph.ido_ (Walter, Cbem. Zeit. 1907, 31, 
640). According to Gartenmeister (J. Soc. 
Chein. Ind.^ 1908, 837), easily inflammable but 
not explosive substances which are not sen- 
sitive to moisture can be obtained by heating 
together various proportions of rod phosphorus, 
sulphur, and the sulphides of metals such as 
antimony, to about 170°. 

Phosphorus sulphoxides P^OnS^, m.p. 102°, 
b.p. 295°, and P.^OaSg, which decomposes at 
200°, forming phosphorus pentoxide and penta- 
sulphide, have been prepared by Thorpe and 
Tutton (Chem. Soc. Trans. 1891, 1024), and 
Besson (Co mpt. rend. 1897, 124, 161). 

For other work on phosphorus sulphides, 
V. Reb.s_(Annalen, 1888, 240, 356), Dervin ( Bull. 
Soc. chim. 41, 433), Isambert (Gompt. rend. 
1883, 96, 1499, 1771), Lomoino {ihid. 1630), 
Schulze (Bor. 1883, 16, 2066), Frouin (Chem. 
Zeit. Rep. 1899, 23, 213), Weelwright (J. Soc. 
Chem. Ind. 1903, 229), Boulouch (Compt. rend. 
1904, 138, 303; 1906, 142, 1045; 143, 41), 
Dervin {ibid. 138, 306), Girvan {ibid. 142, 398), 
Stoclc (Ber. 1909, 42, 2062). 

C om founds of phosphorus and 
selenium. 

Phosphorus and selenium can bo fused 
together in all proportion.s, a red mass being 
formed ; the only definite compounds, however, 
are P^Seji, P2SeB, and po.ssibly PjjSea. Those 
compounds are decomposed by moist air, and 
when treated with alkalis or alkali sulphides 
yield complex salts such as potassium thio- 

’--rr 2K2S,p2So3,5I-l20 (?'. Berzelius, 

'■ ■■ ■ I ■ .2, 242; Bogen, Annalon, 1862, 

124, 57 ; Hahn, J. pr. Chem. [i.] 93, 430 ; Muth- 
mann and Clever, Zeitseh. anorg. Chem. 1896, 
13, 191 ; Moyer, ibid. 1902, 30, 258). 

Haloid compounds of phosphorus. 

Phosphorus trichloride PCI3, may be prepared 
by passing dry chlorine over heated amorphous 
"h-'-'d T -)yot dry '••."di pbo^ 9horus, 

■ • ■ ' ! :.e product '.viib s 'divi ry phos- 

^ ■ weeks to convert any penta- 

chloride which may have been formed into the 
trichloride (Dumas, Ann. Chim. Phys. [iii.] 56, 
172). It is a mobile, colourless, fuming liquid 
of pungent smell, boiling at 75-95° (760 mm.), 

and having a sp.gr. of 1-61275 (Thorpe, Proc. 

Roy. Soc. 24, 295). Tt absorbs water with 
production ^ phosphorous 

acids and a ■ ■ . ■ ' phosphorus oxy- 

cMoride, PO( „ = ■ , ■ rend. 1898, 125, 

771). Tt dissolve' -g itself 

soluble in benzene s ' , ■ i- I F ■. When 
mixed with alcohol, heat is evolved, with pro- 
duction of ethyl chloride and phosphorous acid, 
and evolution of hydrochloric acid. Phos- 
phorous e.ster is also produced (Beohamp. 
Compt. rend. 1855, 40, 944; 41, 23). It also 
unite, s with ammonia forming additive com- 
pounds (Besson, ibid. 1890, 111, 972). 

Phosphorus trichloride reacts with glycerol 
and with glycol, yielding in the former case 
phosphorous esters of glycerol and of mono- 
chlorhydrin which are decomposed by water 

VoL. IV.— 2’. 
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forming the compounds P2(0H)402-C3H-0H and 
P(0H)20-G3Hg0HCl of which the calcium 
derivatives have been isolated (Carre, Compt. 
rend. 1903, 136, 1456). 

Phosphorus pentaehloride PCI5 may be 
obtained by passing dry chlorine over the well- 
cooled triclxloride until the whole is dry, or by 
the action of excess of chlorine on phosphorus. 
On the large scale, it is best prepared by passing 
oxces.s of dry chlorine through a cooled solution 
of phosphoru.s in carbon disulphide, and finally 
crystallising out the product. It forms white 
lustrous crystals of unpleasant smell, volatilising 
below 100° without liquefying. Under pressure, 
it melts at 148° (Strecker). The vapour de- 
composes, _ when heated, into the trichloride 
and chlorine (Wanldyn and Robinson, Proc. 
Roy. Soc. 12, 507 ; Wegseheider, Monatsh. 1899, 
20, 307). _ 

In moist air, the ' ■ ’ ’ ’ 1 ' s converted 

into the oxychloride of hydro- 

chlor ■ ■■ b ’ converts it into 

the i" . ■■ ■ ■ . ,ion of sulphuryl 

chlor . : i' v ■' +POCI3. Phos- 

. . - . much used in the pre- 

i' I ‘ ' I ■■ ■ ■ chlorides. It form.s clilor- 
‘ ■ ' ■ • ■ < ■ ir an additive compound 

wth ammonia, ''' rh’---: ■ ■ the temperature 

of the reaction ' j. rend, l.c.). 

Both chlorides form additive compounds 
with certain chlorides and bromides such as 
PCl3,2BBr3 ; PClB,2BBr3, &c. (Tarible, Compt. 
rend. 1901, 132, 83; Strecker and Soluirigin, 
Ber. 1909, 42, 1767). 

_ Phosphorus chlorohromide PClaBi’a is ob- 
tained by tho action of bromine on phosphorus 
trichloride. Tt solidifies at —20°, and decom- 
poses when heated to 35° (Miohaelis, Bor. 1 872, 
5, 9). It combines with various proportions of 
bromine {v. Michaelis, l.c. ; Prinvault, Compt. 
rend. 1872, 74, 868 ; and Stern, Chem. Soc. 
Trans. 1886, 815). 

Phosphorus chloro-iodide PCI3T., is said to 
be obtained in fine red hexagonal crystals by 
the action of iodine on phosphorus triclflorid'e 
(Moot, Ber. 1879, 13, 2029). 

Phosphoryl chloride (pi- vplovu^ ■ x . i ’ibo-Tv) 
POCI3 may be prepared by li.-,-, Bj-.o; d:".- (.;■ 

boric acid with the pentaehloride : 

PClr,+HaC20,=P0Cl3+2HCl+C02+C0, 
or by heating the pentaehloride with tho pent- 
oxide in a sealed tube -. 3P015 -|-Po 0 b= 6P0C13. 
It can he conveniently prepared by "the action of 
potasaitxm cMorato on phosphorus triclxloride 
(Dervin, Compt. rend, 1883, 97, 576 ; Ullmann 
and Fornaro, l^or. 1 901, 34, 2172) ; or, according 
to Erdmann (Zeitseh. angew. CIxom. 1903, 89), 
by passing a current of^ dry chloi'ine over a 
strongly heated, powdered mixture of carbon 
and n metnphn'iphrfc. 

f:l!o"id(^ is a colourless, fuming 
liquid, boiling at 107-23° (700 mm.), and having 

a sp.gr. of 1-71 163 (Thorpe, Chem. Soc. Trans. 

37,^ 338). When cooled it solidifies to crystals 
which molt at — 1-5° (Geuthor and Michaelis, 
Ber. 1871, 4, 709). Its molecular depression of 
tho freezing-point is 0-48° (Fluntley, Chem. Soc. 
Trmis. 1891, 205). Water rapidly decomposes 
it into hydrochloric and phosphoric acids. Tt 
forms crystalline double compounds xvith many 
metallic chlorides. 

r 
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Metaphosplioryl chloride ( ?) PO2CI. A straw- 
coloured viscous body obtained, together with 
phosphofyl chloride, by the action of chlorine 
on cooled phosphorous oxide (Thorpe and 
Tutton, Chem. Soc. Trans. 1890, 572) ; has been 
found to possess a composition corresponding 
with the formula POgCI. It has, however, been 
shown by Huntley {ibid. 1891, 202) that this 
body consists of at least two substances, one of 
wMch is pyrophosphoryl chloride, whilst the 
other is a compound or mixture of the com- 
position P^OlgGlg. 

According to Eesson (Compt. rend. 1897, 
124, 1099), metaphosphoryl chloride is obtained 
by the action of a small amount of water on 
phosphoryl chloride. 

Pyrophosphoryl chloride PaOgOli is a colour- 
less, fuming liquid, boiling between 210°-215°. 
It is obtained by the action of nitrogen peroxide 
on cooled phosphorus trichloride. Mtrosyl 
chloride is evolved, and pyrophosphoryl chloride 
remains, together with phosphorus pentoxide, 
phosphorus trichloride, and phosphoryl chloride, 
from wMch it is separated by fractional dis- 
tillation (Geuther and Michaelis, Ber. 1871, 
4, 767). It is also obtained as stated above or 
by the action of water on phosphorus penta- 
chloride or by treating the pentachlorido (6 
parts) with the pentoxide (1 part) (Oddo, Gazz. 
chim. ital. 1899, [ii.]29, 330). 

Phosphoryl bromodlchlorlde POBrOlg {v. Men- 
sohutkin, J. pr. Chem. [i.] 98, 485 ; Besson, 
Compt. rend. 1896, 122, 814), is a highly refrac- 
tive liquid, boiling at 135°-138° (760 mm.), and 
having a sp.gr. of 2*12066 (Thorpe, Chem. Soc. 
Trans. 37, 344). When cooled, it solidifies in 
tables, which melt at 11° (Geuther and Michaelis, 
Ber. 1871, 4, 769 ; 13° (Besson, l.c.). 

By the action of hydrogen bromide on 
phosphoryl chloride at 400°-500°, it is obtained 
together with 'phosphoryl dibromochloride 
ROBraCl, which melts at .30° and has b.p. 
165° (Besson, l.c.). 

Thiophosphoryl chloride PSCI3, is a colourless, 
fuming liquid, produced by the action of sul- 
phuretted hydrogen on the pentachlorido, or, 
better, by heating a mixture of phosphorus 
pentasulphide and pentachlorido. It boils at 
125° (760 mm.), and has a sp.gr. of 1*6082 
(Thorpe, Chem. Soc. Trans. 37, 341). 

Nitrogen chlorophosphide PNCI3 is obtained 
by gently heating .• riirdiiv'-- ''.f r.lv-plmr.;:- 
pontachloride and 

(white precipitate) or ammonium chloride 
(Stokes, Ber. 1895, 28, 437 ; Amor. Chem. J. 
1896, 18, 629, 780; ibid. 1897, 19, 782; ibid. 
1898, 20, 740 ; Besson, Compt. rend. 1892, 114, 
1264, 1479 ; Besson and Rossett, ibid. 1900, 143, 
37). It sublimes in rhombic prism.s, melting at 
110°, and boiling at 240° (v. Gladstone and 
Holmes, Chem. Soc. Trans. 17, 225). 

With liquid ammonia, nitrogen cldoro- 
phosphide reacts thus ; 

PNCL3+4NH3=2NH401+PN(NH„)2. 

The compound PISToHi is a white substance 
soluble in water, ar I r ■ to 222° loses 

ammonia and is ■ * ■ . phospham. 

Nitrogen chlorophosphide in cax'bon tetra- 
chloride solution, when treated with dry am- 
monia gas, yields slender silky needles of the 


j compound, P2N3H3CI3, together with some 
PN3H4 (Besson, Compt. rend. 1908, 146, 1149). 

A number of nitrogen ■ r’' 
corresponding with the ■ ' . . 

(PNCl2).r have been obtained. 

Phosphorus tribromide PBrg is best prepared 
by slowly dropping bromine on to excess of 
amorphous phosphorus in a flask fitted with an 
inverted condenser, or by dropping bromine on 
to ordinary phosphorus covered % a layer of 
benzene (Christomanos, Ber. 1904, 37, 2883). 
The rectified product is a colourless mobile 

liquid of str-'‘~, r— -ly ’"iding at 172*9° 

(760 mm.), ■ .n-' 1 ■■ ■ ■ . solidifying at 

—41*5°, and having a sp.gr. of 2*923 (Thorpe, 

Chem. Soc. Trans. 37, 335). It acts as a 
reducing agent on many organic compounds, 
and forms double salts of the type CuBr3,PBr3 
(Arbusoff, J. Russ. Phys. Chem. Soc. 1906, 
38, 293). 

Phosphorus pentabromide PBr^ is produced 
by the addition of bromine to the cooled tri- 
bromide; it forms yellow crystals of pungent 
smell, melting to a red liquid, which decom- 
poses into the tribromide and bromine at 100°. 
According to Castle and Beaty (Amer. Chem. 
J. 1899, 21, 322; ibid. 1900, 23, 505), when 
the pentabromide is mixed with bromine and 
sublimed, red prisms of a heptabromide, PBr„ 
are formed. 

Phosphorus trifluorodibroraide PPsBra has 
also been obtained. 

Phosphoryl bromide - ’ .roraido) 

POBrs occurs in flat ■ ' 46°-46° 

and boiling at 195° J*. ■. 1. **.:.■. and is 

prepared similarly to phosphoryl chloride. 

According to Berger (Compt. rend. 1908, 
146, 400), it forms colourless crystals, m.p. 
55°-66°, b.p. 189*5° (774 mm.). 

Phosphonium bromide PH^Br crystallises in 
colourless cubes, b.p. 30° and resembles the 
iodine compound. 

Thiophosphoryl bromide PSBra, a yellow, 
crystalline body, m.p. 38°, . . ■> 

bromide PgSsBr^, a fuming . . , ... 

and metathiophosphoryl bromiae POoBr, are also 
known. 

Bromo-chloro-thio compounds of ixhosphorus 
have been prepared by Besson (Compt. rend. 
1896, 122, 1057). 

I Phosphorus di-iodide Pol^ is prepared by the 
gradual addition of 8*2 parts of iodine to a 
solution of 1 part of phosphoru.s in carbon 
disulphide. On distilling off the disulphide, or 
on cooling it, the iodide remains or crystallises 
out in bright orange-yeUow crystals which fuse 
at about 110° (Coren winder, Ann. CJiim. Pliys. 
[iii.] 30, 242). 

A rapid and safe method of producing 
phosphorus di-iodide- is described by Doughty 
^T. _Amer. Chem. Soc. 1906, 27, 1444) ; 50 granus 
of iodine and 4 grams of red phosphorus are 
heated in a 200 c.c. flask over a free flame until 
melted. After cooling to 60°, 2*5 grams of 
yellow phosphorus are added in small pieces. 

When dry iodine is added to a solution of 
phosphorus in dry carbon disulphide, in quantity 
les.s than that necessary to convert the phos- 
phorus into the di-iodide and the mixture is 
exposed to sunlight, 'phosphorus subiodide, P4I, 
separates. 
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It is an amorphous, red powder wliich de- 
composes without melting and is decomposed 
by most reagents (Bonlough, Compt, rend. 1905, 
141, 25G). 

Phosphorus tri-iodide PI3 is prepared simi- 
larly to the di-iodide, but with the use of a 
correspondingly larger proportion of iodine. It 
forms red six-sided deliquescent prisms, m.p. 
Gl° (Oorenwinder, l.c., Snape, Chem. News, 1896, 
74, 27; Besson, i«07, 124, 1346). 

Phosphoniura * ’ ' ' . 1 ' . ained by the 

union of phosphi . 1 ■ . • ' i i acid, or by 

the action of water and iodine on excess of 


phosphorus. 

The iodine and phosphorus are^ preferably 
combined in carbon disulphide, which is then 
distilled off and the water added gradually 
during passage of carbon dioxide (Hofmann, 
Ber. i873, 6, 291). The iodide is thus obtained 
as a sublimate of glistening deliquescent 
quadratic prisms, b.p. about 80° but readily 
vapourising at a lower temperature, decomposed 
by water into hydriodic acid and phosphine. 
It is a powerM reducing agent, and is 
employed as such in the preparation of many 
organic compounds. 

Phosphorus thioiodide, P2SIa, m-p* "iS® 
(Besson, Compt. rend. 1896, 122, 1057), and 
P2S3I (Ouvrard, ibid. 1892, 116, 1301) also 
exist. 

Phosphorus trifluoride PFg may bo prepared 
by carefuUy heating dry copper phospmde with 
lead fluoride, or by allowing arsenic trifluorido 
to drop upon p!'.o--:p^'ioru> trichloride, or, pre- 
ferably, by g,;ii:ly wjirn'.ing a mixture of dry 
zinc fluoride j.ivl 'pi '■nilioras tribromide. It is 


a colourh ■' gas, which condenses 

at--10° '.' . 49 a 


colourless ■ i’ ’ >’ !-.p. ' , "<■ ■ ' : 

ing at - >■■>. ’I"- dissolves slowly in 

water. It produces ■ silicon fluoride, with 
separation of phosphorus, when heated in con- 
tact with glass. It combines directly with 
])romine, giving an amber-coloured mobile 
liquid having the composition PEgBrj (Moissan, 
Oompt. rend. 1884, 99, 665, 970 ; 1886, 100, 272, 
1348 ; Ann. Ohim. Phys. [vi.l 19, 286). 

Phosphorus pentafluoride PPg is obtained by 
the action of arsenic trifluoride on phosphorus 
pontacldoride (Thorpo, Proc. Roy. Soo. 1870, 
122). It is a heavy, fuming, colourless, un- 
inflammable gas, which is rapidly decomposed 
by water into hydrofluoric acid and ishosphoric 
acid. It combines with dry ammonia to pro- 
duce a white solid 2PPg"5NH3, and, according 
to Tassel (Compt. rend. 1890, 110, 12G4), com- 
bines with nitrogen peroxide to produce^ a 
white crystalline compound of the composition 
PPg'NOg; i>. also Moissan (ibid. 1886, 101, 1490; 
1886, 103, 1267). It condenses to a liquid, b.p. 
—76° and solidifies to a flocculent mass at —83° 


(Moissan, ibid. 1904, 138, 789). 

Phosphoryl fluoride, phosphorus oxyfluoride 
POPs may bo prepared by the action of the 
electric spark on a mixture of phosphorus tri- 
fluoride and oxygen, by the action of phosphorus 
... gei;jtly warmed zinc fluoride 
'■■ ■■■ ■ . rend. 1886, 102, 1246; Bull. 

- lii.) 6, 468), or, better, bv the 

■! ’ ■-r’---':‘'byTh., ■ • 1 U r ’■''”( Chem. 

■■ -.■■■. ■■■■ 769), ■ ■ 'a gently 

heating a mixture of cryolite and phosphorus 


pentoxide. It is a colourless, fuming gas, 
rapidly absorbed by water, and without action, 
when dry, on glass or mercury. It condenses 
to a liquid which boils at —40° and solidifies to 
a crystalline mass at —68° (Moissan, l.c.). 

Thiophosphoryl fluoride PSPg may be ob- 
tained by heating a mixture of arsenic trifluoride 
and phosphorus thiochloride in a sealed glass 
tube to 160°, or by heating a mixture of amor- 
phous phosphorus, sulphur, and lead or bismuth 
fluoride, or, preferably, by heating a mixture of 
powdered, freshly -fused lead fluoride, apd freshly- 
made phosphorus pentasulphide in a leaden 
tube from which air has been expelled by a current 
of dry nitrogen : .P2S3-l-3PbP2=3PbS-f 2PSP3. 
The action commences at 170°, and the tempera- 
ture should be kept below 260°. The gas is 
stored over mercury in a glass holder containing 
fragments of quicltlime, which gradually absorb 
the phosphorus trifluoride and any trace of sili- 
con fluoride contained in the gas. The quicklime 
should be freed from air before use by repeatedly 
passing dry nitrogen into the holder and exhaust- 
ing with a Sprengel pump. At ordinary tempera- 
tures, thiophosphoryl fluoride is a heavy colour- 
less gas which condenses at a pressure of 10 to 
11 atmospheres to a colourless liquid. A jet of 
the gas burns spontaneously with a greyish- 
green flame of extremely low heating power. If 
a considerable quantity of the gas be suddenly 
exposed to the air, a fine blue flash, followed by 
the greyish-green flame, is observed. The gas 
burns spontaneously with a yellow flame in 
oxygen, but the dry gas docs not inflame in dry 
oxygen in presence of sufficient of its oxidation 
products. The mixture instantly inflames on 
exposure to air or on introduction of moisture. 

When heated or exposed to the electric spark, 

the g-" -T-'-o sulphur, phosphorus, 

and ’ : 'h' . 'i ’ 0 . . It is without action 

on mercury, sulphuric acid, carbon disulphide, 
or benzene. It dissolves to some extent in 


ether, the solution burning with a greenish flame. 
It dissolves slowly with decomposition in water 
and solution of potash, soda, or ammonia. It 
combines with ammonia gas to form a white 
solid. Gently heated sodium burns with a red 
flame in the gas, the residue^ evolving sponta- 
neously inflammable phosphine when treated 
with water. When heated in a glass tube the 
gas deposits phosphorus and sulphur, with for- 
mation of silicon tetrafluoride, which occupies 
three-fourths of the volume of the original gas : 

dPSPs-fSSi^SSiFj+P^-' « .'U :■ - -1 T d 

Chem, Soc. Trans. 1888, I---.', 3 


Oxidea and acids of phoaphorus. 

The product of the combustion of phosphorus 
in a limited supply of air consists of a mixture 
of the four oxides P4O, P4O3, P2O4, and P^Ojn. 

The first of these oxides, P4O, was ob- 
tained by Le Vorrier (Annalen, 1838, 27, 167), 
but whilst its existence has been maintained by 
some chemists, this is denied by many others 
(Michaclis and Pitsoh, ibid. 1899, 310, 46; 
Michaolia and Arcnd, ibid. 1900, 314, 269 ; 1902, 
326, 361 ; Biltz, Ber. 1894, 27, 1257 ; Besson, 
Compt. rend. 1897, 124, 763 ; 1897, 125, 1032 ; 
1901, 132, 1666; Chapman and LiWry, Chem. 
Soo. Trans. 1899, 973 ; Burgess and Chapman, 
ibid. 1901, 1236 ; Browning, Chem. Soc. Proo. 
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1901, 243 ; Jungfleisch, Compt. rend. 1907, 
145, 325). 

Phosphorous oxide, phosphorous anhydride 
PjOg. The existence of this compound as one 
of the products of the slow combustion of phos- 
phorus seems to have been first noticed by 
Sage in 1777. It appears also to have been 
obtained by Cabell as a sublimate from the 
mixed oxides (Chem. News, 50, 209). It, how- 
ever, received no systematic examination until 
Thorpe and Tutton (Chem. Soc. Trans. 1890, 
645 ; 1891, 1019) obtained it in a state of purity 
by the following method ; — 

Pieces of dried phosphorus are placed in a 
glass tube drawn out, but open at one end, and 
connected at the other end with a brass tube 
surrounded by a tube fiUed Avith water. The 
inner tube is connected with a long-limbed 
U -tube fitted at the bend with a branch leading 
to a small bottle, into which the product of the 
action may be passed by warming the limbs 
of the U-tube. A freezing mixture surrounds 
the U-tube and bottle. 

The phosphorus having been ignited by 
heating the tube, is oxidised by drawing air 
through the apparatus with an aspirator, and 
after about 15 minutes, the Avater around the 
brass tube is heated to about 50°, as indicated 
by a thermometer fitted to the outer tube, and 
the temperature is maintained thereabouts 
until near the end of the operation, when it is 
raised to about 60°. The readily fusible tri- 
oxide gradually passes over from the combustion 
products in the brass tube and solidifies in the 
U-tube, a loose plug of glass wool in the brass 
. of other oxides. 

>.n about four-fifths of 
burned, in order to 
■ idising the product. 

The product solidifies in the U-tube as a 
snow-white Avaxy mass. It may also be ob- 
tained in long feathery aggregations or in tlrin 
isolated prisms, terminated by pyramids, and 
probably belonging to the monoclinic system, as 
do those of the corresponding compound Avith 
arsenic or antimony. 

' ■■ ' ' I.' gfleisch (he.), a continuous 

_ ; ■ . ■ , crystals of phosphorous 

oxide can be obtained by oxidising pure dry 
phosphorus at a low temperature at 18-20 mm. 
pressure. 

Phosphorous oxide possesses a peculiar 
phosphorus-like smell. It fuses at 22-5° to a 

mobile liquid, sp.gr. 1-9358 which normally 

re-solidifies at 21°, but which sometimes exhibits 
the property of superfusion. It boils at 173-1° 
(760 mm.). When_ heated in a sealed tube to 
about 210° the oxide becomes turbid, and at 
440° is entirely decomposed into the tetroxide 
and amorphous phosphorus. 

Phosphorous oxide is slowly dissolved by 
cold Avater, forming phosphorous acid. With 
hot Avater the action is violent, large quantities 
of the red suboxida or amorphous phosphorus 
being produced, Avith evolution of spontaneously 

infl."-"- — ’-■■■ . 

. ssolves unchanged in 

- ' ■ ■■ ■ ■ benzene, or chloro- 

form, but IS instantly ignited in contact Avith 
absolute alcohol. When this action is properly 
controlled, di-dhyl pliosphomis acid is obtained. 


The oxide is spontaneously oxidised in pre- 
sence of air or oxygon. When thrown into 
oxygen heated at 50° or 60°, it ignites with 
great brilliancy. It inflames readily when 
exposed to the air, especially Avhen Avarmed 
or Avhen in contact Avith fabrics or paper. 
When throAvn into chlorine, it burns with a 
greenish flame. The sIoav action of cldorine 
on the cooled oxide gives a mixture of phos- 
phoryl chloride and the so-called metaphos- 
phoryl chloride. 

Bromine acts in a similar manner, but with 
previous formation of phosp^"-”':” 

With iodine it forms the ■ ■ i-.j o 

pentoxide : 5P405-l-8l2==4p2l4-l-6P205. Heated 
Avith sulphur it yields phosphorus sulphoxido 
P4O8S4, forming clear transparent crystals, m.p. 
102° and b.p. 295°, deliquescing rapidly in the 
air, and readily dissolved by Avatcr, forming 

sulphuretted hydrogen "1 acid: 

P40 bS 4-1-10H20=4H3P' ! ■■■ ■ •!.. and 

Tutton, Chem. Soc. Tra . . 

Vapour density determinations show that 
the gaseous molecule of the oxide ha.s the 
formula P4OB. Determinations of the molecular 
weight by Eaoult’s method give similar results. 

Phosphorus tetroxide P2O4 was first obtained 
by Thorpe and Tutton (Chem. Soc. Trans. 1886, 
833) by heating the mixed oxides obtained by 
the sloAV combustion of phosphorus in a sealed 
exhausted tube at about 290°, A sublimate of 
this oxide in clear, 1 : ' is, colour- 
less, orthorhombic at about 

180°, is thus obtained. It may be prepared, 
X. .. ... . ..,.1. . .. pjiosphoruB, by heating 

;• •• .jaledtubo to about 440°. 

- ' • • ' o y deliquescent and dis- 

solves in Avater, Avith evolution of heat, the 
strongly acid solution being unchanged on, boil- 
ing. The solution reduces mercuric c-liloride to 
calomel on Avarming, and gives a white pre- 
cipitate, Avhich rapidly blackens Avith silver 
nitrate. Its vapour density at 1400° is 230 
I (West, Chem. Soc. Trans. 1902, 933). 

Phosphorus pentoxide, phosphoric oxide, 
phosphoric anhydride P4^ ’ ’ - ■ I ' of the 
complete combustion of ■ ■ ' p . ^ maybe 

obtained in a state of ■ ■ ■ -:iding a 

porcelain dish, containing burnin'.' phnsphonus. 
in a three-necked globe, and i!r:i .Irio;; 
through the globe with an aspirmor. T’avo of 
the necks servo for tho entrance and exit of the 
air, and the third and vertical neck rocoives 
a corked tube, through Avhich i)i(‘ce,s of dried 
phosphorus are dropped at intervals into the 
dish. 

GraboAVski (Annalon, 1805, 130, 119) recom- 
mends for tho proparati(ur on tho large scale tlu^ 
use of a sheet-iron cylinder, having a cover and 
resting on a sheet-iron funnel, '['he cover has a 
chimney closed by a cork, and a damper in fitted 
to the air may be admitted 

■ . ■ ■ i 'jxide produced is shaken at 
intervals into a bottle beneatli the funnel. 

This oxide is a Avhife .'iinorplioii'; ])OAvder 
Avhich, Avhen pure, is ])crlVr;lly eolnnrless and 
odourless. Tl, froqneiiily po.s.-.fss(‘.^ ;i, garlic Bmell, 
from the piA-sr-nce of pliospliiirnii.i oxide, and 
may haA^'e a yelloAvish colour, more noticeable 
Avhen a portion is alloAved to deliqiu-seo, from 
presence of the lower oxirle P^O or of red phos- 
phorus. To free the oxide from all trace.s of 
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lower oxides, it should be distilled over platinum 
sponge in a current ot oxygen, until the product 
no longer reduces silver nitrate solution (Threl- 
fall, Phil. Mag. 1893 [v;] 35, 14 ; Shenstono and 
Beck, Chein. Soc. Trans. 1893, 473). it rax»idly 
deliquesces, with production of luetaphosphoric 
acid. When added to water, , |’ -- 

acid is gradually produced, wii . . : ■ 
heat. According to Hautefeuille and Perrey 
(Gompt. rend. 18S4, 99, 33), it exists in throe 
forms, crystalline, pulverulent and vitreous 
(Giran, ibid. 1903, 136, 650). 

Phosphorus pentoxide is the best desiccating 
agent known, and is largely used in the labora- 
tory for ; h ■ desiccation of gases and 

liquids, i ■ ■■ ■ ■ ; the elements of water 

from compounds, as in the preparation of ni- 
trogen pentoxide. Phosphorus pentoxide, when 
completely pure is capable of becoming highly 

r 1 'n vacuo (Ebert and Hoffmann, 

/ ■ . ■ ; ... Chem. 1900, 80). 

According to Besson (Compt. rend. 1897, 
124, 763), the oxide PgO also exists. 

Hypophosphorous acid H^POa is a monobasic 
acid the salts of which are formed when alkalis 
or alkaline earths are boiled with phosphorus. 
The barium salt Ba(PH202)a is of most interest, 
as the acid and salts are usually prepared from 
it. This salt is formed, with evolution of 
" hydrogen, on boiling phosphorus 
water ; — 3Ba(OH)2-k2P4-{- GHaO 
:u; ' .+2PH3. It may be decomposed 

by dilute sulphuric acid to obtain the acid, or by 
the addition of a sulphate to produce another 
hypophosphite (Marie, Compt. rend. 1904, 138, 
1216). 

Hypophosphorous acid forms a thick syrup, 
from which crystals melting at 26-5° (Marie) may 

be obtained ’ ■ " below the boiling- 

point of the ■ ■ . ooling in a freezing 

mixture. When strongly heated, it decomposes 
into phosphorotted hydrogen and phosx)horic 
acid. It reduces mercuric chloride to calomel 
or mercury (Sieverts, Zeitsch. anorg. Chem. 
1909, 64, 29), and is oxidised to phosphoric acid 
by chlorine and other oxidising agents (Steele, 
Chem. Soc. Proc. 1908, 193). When concen- 
trated it attacks glass and porcelain more readily 
than iihosphoric acid. Most hypophosphites 
dissolve in water, and many in alcohol. They 
are aU powerful reducing agents, and precipitate 
gold and silver from solution. The sodium salt 
is used in medicine. Eor the preparation of 
' ^ compare Kendal (J. Soc. Chem. 

According to Mai (Bor. 1902, 35, 102), hypo- 
phosphorous acid reacts with organic chazo 
compounds forming hydrocarbons, this being 
in some cases an advantageous method of 
forming the latter. When boiled with acetone, 
hypophosphorous acid yields crystalline pro- 
ducts, H3PO~-2G3 HoO ; HaPOo-lJaHoO ; and 
HsPOa-CaHoO (Marie, Compt. rend. 1901, 133, 
219). 

Phosphorous acid P(OH)3 is obtained by the 
action of water on phosphorous oxide or of 

moist air o’ . pure acid may 

be obtained ; ' of phosphorus 

triohloride . 'i' ; dowly passing 

chlorine through a deep layer of phosphorus 
melted under water — 

PCl3-l-3H20=P(0H)3-k3HCl. 


On evaporating the solution until it attains a 
teini)erature of 180° and forms a thick syrup, it 
gives on cooling a cry,stalline mass melting at 
70-1° (Thomson, Ber. 1874, 7, 996). When strongly 
heated, the acid produces phosphorotted hydro- 
gen and phosphoric acid. The aqueous solution 
slowly absorbs oxygen. It is a powerful re- 
ducing agent, and preeijutates gold, silver, and 
mercury from solution. 

Phosphorous acid is tribasic, but, excepting 
the tribasic sodium salt and some ethereal salts, 
only two atoms of hydrogen are replaceable by 
the base. All phosphites are soluble in water, 
the normal alkaline salts being most soluble. 
They act as reducing agents similarly to the 
hypophosi)hitcs, but, unlike them, give a pre- 
cipitate with lime water. 

Pyrophosphorous acid H4P2O5 is obtained by 
passing the vapour of phosphorus triobloride 
volatiiised by a stream of carbon dioxide 
through the product of the reaction of water on 
an excess of the trichloride for 20 hours. It is 
then placed in a vacuum over fused potash and 
phosphorus pentoxide. It can also he obtained 
by the continuous agitation for about 5 hours 
at 30°-40° of a mixture of phosphorous acid and 
'r-.-’''-ride. It melts at 38°, is 

, .by water, at 130° gives off 

phosphine and at 45° in presence of phosphorus 
trichloride yields phosphorus and phosphoric or 
7)yroT;hr=pboTic acid (Auger, Compt. rend. 

!3'.), >11). The pyrophosphites, such as 
]Sfa4P30g also exist. 

Phosphoric acids. Three acids, produced by 
the combination of phosphorus pentoxide with 
one, two, and three molecules of w'ater respec- 
tively, are known, their names and composition 
being as follows : M daphosfhoric acid HPO3 or 
P3O5H2O ; 'pyrophosphoric acid liiPaO, or 
p20s21i20 ; and orthoplmpJioric acid H3PO4 or 
PoOgSHoO. The sodium and silver salts of a 
fourth acid P40 .(HO)b or 2P203-3H20, which 
may he called totraphosphoric acid, are also 
known (Floitmann and lienneherg, Annalen, 
1848, 66, 324). Salzer {{Ind. 1877, 187, 322) has 
described a phosphoroso - phosphoric _ acid or 
hypophosphoric acid P404(H0)3 of which phos- 
phorus tetroxido may perhaps bo the anhydride 
(Rosenheim and Piitze, Ber. 1908, 41, 2708). 
Finally, the sodium salt of tliioplmplmic acid 
H3PSO3 (Wurtz, Ann. Chim. Phys. [iii.] 20, 472), 
and the salts of di- and tri- thiophosphorio 
acid, HaPSoOa and H3PS3O are also known 
(Kubierschky, J. pr. Chem. 1886, [ii.] 31, 93). 

Several series of thiophosphates have been 
prepared by heating the metals with phosphorus 
ancl sulphur (Ferrand, Bull. Soc. eliim. 1896, 
[iii.l 13, 116 ; Compt. rend. 1896, 122, 886). 

Orthophosphoric acid H3PO4, usually known 
as ‘ jihosphorio acid,’ is a tribasic acid which is 
prodiu vrii v.hc’i .■■, tr:'0ph.'-u- phosphorus is heated 
with r.-uiCMlr i;' . -o- ;.cid (Watson, J. Soc. 
Chem. Ind. 1892, 224). The iihosphorus slowly 
dissolves, with evolution of red fumes, and the 
solution is evaporated in a dish with repeated 
additions of nitric acid until red fumes cease to 
be evolved, to enSure the absence of phosphorous 
acid. 

The acid is prepared commercially from 
bono-ash by digesting 8 parts of the ash with 
3 parts of crude snljihurio acid (1'66) and 18 or 
20 parts of water for two or three days. The 
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solution, which contains the phosphorus as cal- 
cium tetrahydrio diphosphate (‘ superphosphate 
of lime ’), is then pressed in linen filters from 
the precipitated calcium sulphate, and is con- 
centrated to a syrup, treated with concentrated 
sulphuric acid to precipitate the lime, and the 
solution filtered off, evaporated, and heated to 
remove the sulphuric acid. By another process 
the solution is treated with ammonium carbo- 
nate, which precipitates the lime and leaves tri- 
ammonium phosphate in solution. The solu- 
. tion is separated and evaporated, and ignited to 
expel the ammonia. The acid obtained by 
either method contains magnesia and other 
impurities. 

In anotl' ■ ■ ■■ » II ’ : ah is dissolved 

in its own • / . i . . i i ■ ; acid of sp.gr. 

1-18, diluted with 4 parts of water and 1-|- parts of 
sodium sulphate is added. The filtered solution 
is neutralised while hot with sodium carbonate, 
refiltered, and precipitated with barium chlor- 
ide. The mixture of barium sulphate and phos- 
phate thus obtained is decomposed by sulphuric 
acid. 

The bones, apatite or horn piths, &e., may 
be dried, ground, and digested with aq^ueous 
phosphoric acid, after which the product is 
treated with sulphuric acid (Lomas, J. Soc. 
Chem. Ind. 1900, 836 ; Eng. Pat. 9611). 

Accordmg to Maywald (J. Soc. Chem. Ind. 
1908, 1161), phosphoric acid may be manu- 
factured by maintaining a low potential arc 
produced by a current of 60 volts, in a granular 
mas-' -“’-.''h air has access: 

the ■ : . ■ , sod and collected. 

■ . ■ . . ■ ■ ■ < rods are described 
by ■ 1 ,.i. ! . Ind. 1902, 1633; 

Powter, ihid. 1904, 252 ; Bandon, ibid. 1904, 
787). 

Commercial phosphoric acid frequently con- 
tains arsenic, either from the phosphorus used or 
from the acid employed in dissolving the bones, 
&o. The arsenic may bo removed by reducing 
it to arsenious oxide with rr'.'. 

and precipitating it by passag ■ ■ ; 

hydrogen, after removing the excess of the sul- 
phurous acid hy boiling. 

To avoid the necessity for removing the ar- 
senic, Wenzell (Proc. Am. Pharm. Assoc. 1882, 
566, and Pharm. J. [iii.] 14, 24) prepared the acid 
by the slow, spontaneous oxidation of phos- 
phorus in trays containing a thin layer of water. 
The phosphorous acid thus produced contains 
the arsenic as arsenious oxide, which becomes 
reduced to the elemental state, so that it may 
be separated by filtration, when the solution is 
heated to about 190° for half an hour. The 
filtered solution is oxidised 
by the action of nitric acid d<‘ = . , f i t . J. 

[iii.] 14, 48 ; Sommer, J. Soc. Chem, Ind. 1886, 
674). 

To prepare the pure acid the commercial 
acid may be precipitated as the lead salt by ad- 
dition of lead acetate, the 
washed and decomposed by . j . ■ ■ ■■ 

suspended in water to the act ,■ i 
hydrogen, or by treating it with dilute'sulphuric 
acid. In the latter case the solution must be 

' I ’ ■ ' C. CO remove sulphuric acid, 

' . . i and freed from traces of' 
lead by means of .’ h drogen. 

Phosphoric aoi. ; ■ '! purposes is 


[ also prepared by dissolving the pentoxide in 
water. 

According to Nicolas (Co nipt. rend. 1890, 
111, 974), pure phosphoric acid may be prepared 
by gradually adding pure calcium phosphate to 
a slight excess of pure dilute hydrofluoric acid 
contained in a lead or platinum vessel, the 
mixture being well stirred after each addition. 
The high temperature of the mixture is main- 
tained for some time to complete the reaction ; 
the calcium fluoride formed is removed by 
filtration and the filtrate, consisting of a solu- 
tion of phosphoric acid, is evaporated until a 
thick syrup is obtained. By further evapora- 
tion, meta- and pwophosphoric acids can be 
obtained. 

By evaporation of its solution in vacuo over 
sulphuric acid, orthophosphoric acid may be 
obtained in hard, transparent, deliquescent, six- 
sided ortho-rhombic prisms fusing at 38' 6° and 
losing water at 160°. At about 216° the acid is 

converted intc i’ acid, and when 

heated until ■ s ■ ■ i ■ . ■ les begin to bo 

evolved is converted into a highly deliquescent 
glassy mass of metaphosphoric acid. 

The strength of aqueous solutions at 16-6° is 
sho'wn in the following table (J. Watts, Chem. 
News, 1865, 12, 160) 


Specific 

PnOg in 100 

Specific 

PjjOc in 100 

gravity 

" i>artB 

gravity 

parts 

1-508 

49-00 

1-247 

28-24 

1-492 

48-41 

1-236 

27-30 

1-476 

47-10 

1-226 

26-30 

1-464 

45-63 

1-211 

24-79 

1-453 

45-38 

1-197 

23-23 

1-442 

44-13 

1-1S6 

22-07 

1-434 

43-95 

1-173 • 

20-91 

1-426 

43-28 

1-162 

19-73 

1-418 

42-61 

1-163 

18-81 

1-401 

41-60 

1-144 

17-89 

1-392 

40-86 

1-130 

16-95 

1-384 

40-12 

1-124 

15-04 

1-376 

39-00 

1-113 

■ 14-33 

1-309 

39-21 

1-109 

13-25 

1-356 

38-00 

1-095 

12-18 

1-348 

37-37 • 

1-081 

10-44 

1-339 

36-74 

1-073 

9-53 

1-328 

36-16 

1-060 

8-62 

1-315 

34-82 

1-056 

7-39 

1-302 

33-49 

1-047 

0-17 

1-293 

32-71 

1-031 

4-15 

1-285 

31-94 

1-022 

3-03 

1-276 

31-03 

1-014 

1-91 

1-268 

30-13 

1-006 

0-79 

1-267 

29-16 

1 


A simple method of ’’ 

. .... , , 

igth 


of phosphoric acid ■ . ■ . in 

pharmacy, is to transfer the solution to be 
tested into a graduated flask and to add an 
excess of N/1 ammonia solution followed liy an 
excess of a saturated neutral solution of mag- 
nesium sulphate. The liquid is then diluted to 
the mark on the flask, well shaken and liltered, 
and the residual ammonia is then t/itrated in an 
aliquot part of the filtrate (iScgalle, Zeitsch. 
anal. Chem. 1896, 33), 

Phosphoric acid attacks glass, -pftrcelain, and 
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a;* '.' , ti. iiu iil ;u !i |i‘iii]ici'a,l4irc 1171; (Jarro, Ann. (Jhiiii. I’liyH. 1905, 

fiiic uiid j»h(s,NphiiU!H 345; Y(juiig, (Jiiiua. {Sue. I'roc. 1907,55). 

i*'*’ ’ a.uu'-.l. It di, .nhc:, i'ernj- Pyi’ophosphoi'ic acid ll^i'aUy is obtaiuod by 

' uo .d!'.,,, i'-ri'*- iliiMn iind hualang orlliophoaphoric acid Lo 215° for some 

‘‘‘‘ ■ ‘f.'M >.t tii*' i i! o 1 r<'iii:iiia imdissolvcd Lime (Uii'aii, (./'om[)l<. rend. 1902, 134, 1499; 
d. >-.t . t h- ill, ii.d. 1902, 214). 1902, 135, 901 ; Uo.scnhcim and TriLKO, Lc.). 

ii- n U!' • :/. IK . uliiriMiit, t^u.’udily, jiltuH- IL occurs ciLlici' iiH a .soft glass or as an Opaque 
icmic ,)• id ucsiK i ^ ihf tr.ur luft'iicy and im- crystalline mass; crystals separate from the 
i'd''.* fJi'- I'.i ' ir id p'iUtry Ooduv;. It fdso syrupy acid at —10° and melt at 01° (Giran, 
■*; f • d 5*'i;v .u.ti .!ini;m : a;>cut (I’armclcc, Lc.), it may be obtained iti solution by prccipi- 
I ; . ,\uit r. i • tajme t'oe. 1 '.lOti, ,s, 230). tatiug the .sodium .salt with lead acetate and 

d . ii ,t!id pmo- phit..phoric Jicids dceompo, sing the precipitate with Hul]jhurctted 

d tci K tjit ‘4 hydist*-, , ihu, (■ el the hitler hydiogcu. When lieated in solution it is eon- 
'''■s- ' i ,!.d-h' ,tm! r<-a,dily pa . mg into tlie Verted” into urtliophosplioric acid (Berthelot and 
"i'i"’- 1 OKU;’, MU ddriui, Gompt, rend. MO, Audio, Compt. rend. 1890, 123, 770; Monte- 
J'JVo ; .‘■..‘uirh .t:;d .lileu/.ie,,, ,1. Amer. Chein. Hue. martini and Egidi, Gaw/,. ehim. ital. 1902, 32, i. 
Id-fJ. 31, Udd, 381). 

I'iiM ;ti'id po,. (Ke.i tliree d<*|.'re(;;-i of i’yropho.sphat(i.s are obtained by heating the 

, |ij,- *;j, ! (,i ;i, cfi'Kiig .aeal, the moiio-hydrogeu phosphat(!.s, or by addition of 

1 ' K i’nj.i! e! a -..e.-k .O ld him aet'iu;, Ihe third fbe base to the acid. Both normal and acid, 

! .0 d k; , Os .tl- .ijii li, ftml the, I- curie, pond with tile, sodium and other alktdiuc pyrophosphates, 
f MO ot urtim-, di- ami Inba, ic plin.-pluiteii liaviiig an alkaline and an acid reaction respcc- 

i: r, mi.f. t-.iu}it. rend. 132, 12/7, 1517; lively, arc known. When heated with an acid 
* ftid. lO Jti), <){ witieh Jlu; eoiiium eallH tiny are converted into orthophosphates (Bidc- 

li,*.', iit ! 'ii»e 1 - include the normal uour, Gh(,!m. Zciitr. 1900, i. 834)- 

< 4 n,. edmm pi(u pliide .N.i.jl’O^pJli .f), the. liy- Metaphosphoric acid lirOa is obtained as a 

.b..gei. df mnuiu pho.pii.de il Aa,.l."()4,l2il,Jj, ■JeliqucHCOut glassy mass 

iii'lttc di hidsi-y-ts odsiim j ho.iiihatc ■ ■ i ■ t ■ acid is licutcU until dense 

. , ■ . ■ , ■. > Ikj evolved. It is then 

K‘^'‘ h known a.-j yluoial lihonphoric add, and usually 

M,< j-Mun-d dkahn* .all. ;ue reiidily soluble contaiuw .sodium phosidiate, whioh comimini- 
■■ .)!i idi.elim ie.ieJf.n. 'I'hc iiititilublc calc.s hardness to the otherwise soit acid 

pj.o pSiidi are et.nverted by dilute (iJni.sciuH, Ziitsch. anal. Ghom. 0, 187 ; Bctten- 
e id , * V( ii b;, < .uhon dtoj,tde, mfo flm iolublc dorif, iijid, 27, 24). 

O', di' j, piio piiufi . Jij,dio;.'cn til. odium jilioH- it is also obtained by the spontaneous deii- 
pJed- f.ji! jt-u.dmg i.ah.t iirc tdilaincd by quciaicnee of pliOHphoru.s pentoxido. 

M'j.!,.; i» • bed'u, lit fh* h'.dro.vidu or tairhonaie On ntundnig at the ordinary temperature, or 
ei ‘ie b.j ' pbo pbouc ;teid uidil Weakly more rapidly vvhen boiled, metaphosphoric acid 
ilkdiii. liie 08 irnUo;,;;i-ti plio. ph.de;, of the in changed into the ordinary ortho- acid (Berthe- 
.di, d. Ht> .olnLl* lUid , hgldly acid. When lot, and Andi6, Cunqit. rend. 1897, 124, 205 ; 

"I, egiy ie :di d *it*j prodm e meftipho.'.jilial.c.i Montcmartiiii and Itlgidi, Gaw/.. chini. ital. 1901, 

.tj, * vnm'.',!. oi veder. [ i. 31, 394). 

! j.* p.h-d< , vdueh can he. freed from Metajihosphorie acid volatiliiiCH at a bright- 

j'lit;, I pMiir u> id i.y fe ali!,;' »la m in a curn'nt ol ; red heat. Ihs salts are prc.pared by neutralising 

< .01-40, . end » uhoo. fef s.ietdor.de i .lanna: ch and j the acid or liy heating a dihydric ortboiihosphatc. 

-hi; • , 4. |‘i. < fc »i, iftOH, ji!.| ’ih, 21), are, iieeord- i Among tlie salts no ie.ss than live modilications 

. p'-ii* ao'i ffuf, e|,»i, fZeit.ch. Idirhcii j arc known. They may he regarded us salts of 

■M.-i i* .d.l. li.d. I’.Mi.'u ,}, %i ly eltecfivc ii;. polyjmu’ic inclapho.spboric acids, and are rcspec- 

i,. -siei iu •ij.iio,; pioei-M .. 'J hi • it p;irli(:u« j tivelyknownaHmono-,di-,lri-,te.tra-,audhcxa- 
il,‘ iili...sh .■ wit u I mctaphoiqihatcH. 

V» ic o f/i.e esi plio ptioue »cjd i I hciif cd with I VariouH esters, alkyl and other organic 

, ; ‘ ml lotf' and tie- piodm f , atfer neiitralia- | derivatives of phosphorus have liecn prepared 

-..idi l.tnium t .ti'i- made iuid hitering, i;, dc- (Giran, Gomjjt. rend. 1898, 120, 592; Gavalicr, 

- .-mp-M. -! ,.pj» tie- .alMil.djd amount ol I i7/h/. 1898, 127, 00 ; j 900, 1 42, _ 885 ; Bfeillor, 

■ii| i.uje ,i; es, .•lj,ei'ro|.ho: phorif. iieid in (rh- j Ih-r. 1904, 37, <l(i20 ; BuHenhciiu and _JjCvy, 
i'l'Mif* .o,d' J'lnniM, 4. I'iiarm. Gliim. j Zeitf:eh, aiiorg, Chem. 1905, 43, 34; IJibbert, 

M.G. 3;«3: ami Tn!l.d, dm/. I.S98, [v.j 1 Ber. 1905, 39, 100; J.cmoult, (j<,mj)t. rend, 

t. 220 ; i, nd. IMIS, 120, 1215; Bull, | 1905, Mi, 1241; Borthaud, ■ibtd. 1900, 143, 

. dmu. P-'.o*-. Ith l<Hl ; Imbt-r! ami Belugon, j 1 1 Itl ; BarlKU-, MoiiaMh. i9()(), 27, _ 079 ; An- 

■.4ef, 21, 113,5; t 4 ttr. Munpl. ruid, iiidl, 133, - schiitv,, Auualen, 1907, 358, 92; JVlichat'ljs anil 

1-.!; I 9<*3 137, lo7d ; 1904.138,47). Glycero- j inidic, B<;r, 1907, 40, 3419; Auteurieili and 
'‘9- p!. re ,*j '.aid- normal and lO'id sultK | Giyer, ibid. 1908, 41, 140; ■ ■ p ■ ' '■ 

■' .d. fim nc t.d . :m4 id. o mmhme.t v.ifh organic | 3571 ; BistHchimuimM/j'/fA 385, 4 ; = ■ 

■ . ! i.» ii ,t . (punute, | ♦l(',■une, Ac, I’hofi- t Atti. il. Accad. Jjiricci, 1908, [_v, j 17,^ i. “p ' 5 

r;,' reel is!: o with munoitoi (GiU'iw, [ Kwart/,, Bull. Acad. Roy. JJt-lg. 1909, 00 ; Butt 

y..f. I'.atp n;ti, ! anil Kipping, Chem. Hoc. 'Brans. ^ 1909, IJ.KM 

I*,-.' ' h'-iif .iu‘i e jt'S,. t ;tn he piTpiiied hy 1 At'liuwdl, J. Rush. Rhys. Cliein. tSoc. 1910, 42, 


'I d ' 1 .1 h;sl>v'*'n or hdf % acid denva- : 395). . . 

e; P.: . I.do t2 moi Kith jihoHj-horu;; 1 Ifor detection and e.stimation ot phosphoric 
i mol. i and w.iter 1 1 mol.) ( IJi/.er ! acid t;. A&*AbY.8i,s. 

..! I hum Bod. iotts, 713;! PBIOTOaRAPHY. Historical hitroducMon. 

’itMIv.i; Aftm oil, Ber. 1995, 38, j ■— Photography is the art by means of which 
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images of Tarious objects may be formed by 
specially constructed lenses on sensitive films, 
and tiler e rendered visible and permanent by 
certain cliemical processes. 

The effect of light in changing the nature of 
chemical substances, more especially certain 
salts of silver, was known to the ancients, but no 
use was made of such changes until the experi- 
ments of Scheele first demonstrated the action of 
the solar rays on these salts. Count Rumford 
and Ritter showed that these actions were pro- 
duced chiefly by invisible rays ; but no practical 
use was made of the discovery of this action of 
light until Thomas Wedgwood in 1802 published 
his method of producing sun-pictures on white 
paper impregnated with a salt of silver. 

Daguerre and Niepce, taking advantage of the 
camera obscura invented by Baptista Porta, 
succeeded in rendering the images produced by 
its lenses permanent ; and from a long series of 
experiments devised the process of the Daguerro- 
type. To Niepce is due the credit of being the 
first to notice the fact, that the action of light 
was capable of rendering bitumen insoluble in 
its ordinary solvents, and that by placing a 
drawing which had been varnished to make it 
transparent over a plate covered with a ,thin 
layer of bitumen, and exposing the whole to 
the sun, the parts uncovered by the line.s of the 
drawing could be dissolved away by certain 
solvents. These early experiments laid the 
foundation of the modern method of producing 
copies known under the name of Heliography 
or Collotype. 

A_ period now followed in which many 
experiments conducted by Wedgwood, Herschel, 
and others were carried out on silver compounds ; 
but they proved unsuccessful, chiefly owing to 
the inabihty to render the copies made ■with the 
silver salts fixed or permanent. Some years 
afterwards HerscheU showed that sodium thio- 
sulphate might be used as a fixing agent, and 
this substance is employed at the i^resent day. 
Nicpce_ and Daguerre made experiments on 
silver^ iodide as the senstive material. Their 
experiments resulting in the establishment of 
the Daguerrotype. In this process a silver 
plate is treated with iodine, and then exposed 
in the camera. After exjjosure it is placed in 
a properly-constructed box and the imago 
developed by the vapour of mercury. Daguerre 
was thus able to produce a moderately-sensitivo 
film, and many of the portraits done by the 
Daguerrotype process still exist in a remarkably 
good condition. 

About the same time Fox Talbot introduced 
the process known’ as the Talbotype, in which 
waxed and iodised paper treated with a silver 
salt -was employed. This paper was more 
sensitive than -the materials previously em- 
ployed, whereby the exposure necessary was 
much shortened, the image being developed 
■with gallic acid. These pictures were termed 
negatives ’ by Talbot, as the lights and 
shadows were reversed ; to produce a ‘ positive ’ 
from these a second sheet of sensitive paper 
■was exposed under the ‘negative.’ The work 
of Talbot forms the basis of the more modern 
processes, and the names of ‘ positive ’ and 
‘ negative ’ introduced by him are still retained. 

These inventions wore overshadowed by 
the introduction of the ‘ wet collodion pro- 


cess ’ by Scott Archer in 1851, whereby the 
exposure necessary was reduced to a still 
shorter time. This process difi'ciuul from the 
Talbotype in employing glass as a substratuin 
for the sensitive material, and this, coated 
with collodion containing the soluble halogen 
salts, formed the sensitive silver compound 
by double decomposition on the film. The 
sensitive plate, being transferred to the camera, 
was exposed to the light, and the invisible 
image produced was developed in the dark 
room in a manner afterwards to be described. 

For a long time the wet collodion process 
held its own ; but gradually the advantages to be 
obtained from a plate sensitised so as to keep 
without deterioration for some length of time 
began to be felt, and plates prepared either with 
a collodion or gelatin emulsion have supplanted, 
except for certain purposes, the wet plate process. 
At first dry plates consisted of those prepared in 
the silver bath, which, after being sensitised and 
washed, were dipped in some preservative 
material capable of retaining the sensitivene-ss 
of the film for considerable periods. These 
rapidly gave place to the process now in use, 
where the sensitive salts, mixed with warm 
solutions of gelatin, are spread upon glass 
plates. When dry the plates are ready for use 
and -will apparently keep in a jjerfect condition 
for a long period of time. These modern plates 
differ from the older form of wet plate in being 
enorjnously more sensitive, and have thus 

rendered possible the -ir’y- ■/ moving 

objects and subjects on ■■ ' 

In 1871, R. L. Maddox produced some 
successful photographs with gelatin emulsion, 
and a little later they were commercially pre- 
pared and introduced for sale by R. Kennett 
and Burgess. A still more sensitive emul- 
sion was devised by Bennett about 1878, 
which was produced by prolonged digestion of 
the prepared mixture at .32°, and finally the 
discovery that the finished omixlsion could he 
rendered stiU more rapid by 1 ■“'. .■ ’ ort 

time, or ’in certain cases by '.■■.;■■■ of 
ammonia in its formation, has given us the 
numerous and rapid plates which are now to be 
procured. 

In later y---: ti-.- > ^ 1 -.. 

manufacture ■ ■ <■ ■ ■ < ■ . ■ :i ■ ■ , 

altered. The improvements introduced in 

manufacture and ■’ — ’’-r ■■ '' --'o largely 

been in the directic ■ ■ into the 

films substances which render them more sensi- 
tive to rays of light other than the violet, an d 
thus rendering possible the more modem 
j)rocessos for isochromatio and panchromatic 
photography. 

Appamtm / ’ - T i detailed de- 
scription of tl- . - of api)aratus 

employed in photographic work, special text- 
books must be consulted. There are, however, 
two imimrtant pieces — the lcn.“, and the camera 
— about which a short description may be given. 

The lenses in ■‘'r.- -.-i, 

purposes are ; (re) ■ ■■ 

(h) unsynimetrical doublets ; (c) symmetrical 

doublets ; {(1) triple combinations ; (e) anastyg- 
matic combinations ; ( / ) telephoto olijectivcs ; 
(y) anaohromatic combinations. Although the 
first have been termed ‘ single lenses,’ it must 
be understood thiit photographic lenses arc 
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cuiiiliiiial inns nf two or more Hiini)lo lenses, 
ami tiin term ‘single l(Ui.s ’ here rc'lers to 
flu* faet ihiif only one eomhiimf ion is used, 
insteaii of two or more, as in the other or imu-e 
{terfeel len.-'CS. 

The ; inelf l(*us ( Kje. J ) eonsists generally of a 
eonihina! ion of two or more lenses, arranged as 
aeomhination in thc^ taihe of the l(;nH at the end 
neart-Kt the camera ; the (umvex side of the oom- 
Innatioii being towards tlie plate. This ia a 
good b’liH with wluch to begin jdiotographic 
work. It i.H fairly ra];)i(l with a moderately wide 
angle, and gives igood delinition. It is not, 
howeV('r, applicable, l,o tlu? jihotography of large 


diminishing these disadvantages and rendering 
the lenses useful as universal lenses. 



Piu. 3. — PoimiAiT Com- 
bination. 


Fig. 4. — Cooke 
Lens. 


mi 


I 



Fig, 2 . — Rabid Rkoti- 
r.iNEAit Lkn.s. 


Fin. 1. -SiNoi.i; (,h.N- 
vi.trrmi.j; Lanu- 
.s('ABj; Inrs.s. 

bnildiugi near at hand, u.a the marginal rays 
saiiier diefoition. 

A rectilinear or syinnietrical lens (Fig. 2) eom 
hi",t ■> of two eoiobitiatioii;-, arranged at the eiuls of 
tlie. briist lube, front; and liaelc. '.l.'heseoondjina- 
1 ions are t he Mitim.! in both ■ . ’ ' ' 

eonvei-giitg menisenM lens _ 

ing ineniscufi. the. lntt<a- oeoupying the outside 
po it ions in the tnbe. 'fids is a useful lens, 
giving pracUcalty no distortion and possessing a 
fairly wide anvde. 

A symnief ri<'al wide angle lens ks eonstructec 
mueh in the .* umo way, and has two e.ondana- 
fiojiH formed of inonlscus Iciuses but of imieli 
de(iper cm vatme. than tlioKo (unployed in_<Jther 
(■oinbination *. and placed eloser together in the 
Icn.s ttibe, Snell ien.s(!s take in a ve-ry wuh; angle 
and are cpceially suited for jihotogrnidung 
litiihUiig/. and portions of landscape in cramped 
uifualionu, 'they are somewhat slower than 
f.ther comiiimdi’onH, hut give no appreeiahle 
(hiitmisom . , , 

'fhe leim for portraiture ( Fig. 3) is construeted 
to get the greatcHt amount <tf rapidity, hut 
although poi.;/ef.hing; that advantage it has some 
defect"). It cnmuHtH of a back and front com- 
bination arranged at some little di.stancc ai)art. 
Tiio front combinnf ion contains a double convex 
and a pimio-coiifra vm Icn.s (rcnumteil tog<!th(*.r, the 
double f'sjijvcx ieii.s taking the juisltion^ next th(. 
object; the biu-k combination consists of a 
double’ convex and a iliv<wging meniscus lens, 
witiob aw ficipieiitly mounted so as to ka-vu a 
•umiil race <• between tlui two Icn.scs. The double 
CMmcx b*iC‘ i t phtfuol in the tube in the position 
next ihf c.imcrii. , . , , ^ 

With flu* dry plates now ohtainahlo great 
lapidifv ciin be gjot with this lens, hut it has 
lilflo dVpih of finms, poor marginal dciimtion, 
;ucl prc'cnf.'i a rounded field. ^ It is devised for 

portT'isif me, and in W(41 adapt"o . , 

In ) otm* of the newer leiiHcs coi:-i ■"u-n-o mi :h 
|.tin*ip!<* great iuiproveineats have been made. 


Fig. 4 represents the arrangement of the 
lenses in what is known as the Cooke lens which 
is much used for hand cameras and in general 
landscape work. With a wide aperture it 
. covers jilates corresponding to the size of the 
lens well up to the margin, and when stopped 
down will cover larger plates like a wide angle 
lens. These lenses are free from distortion and 
ic .-pber!.; s’; si.d chromatic aberration. 

Fij. .■> rco'c.-..;;i:.- the arrangement in the 
.. ipii-co ;i!:i..ble for obtaining views of 
inaccessible objects. 




Telephoto Arrangement 
Fig. 5. 




The Camera. This consists of a box, made 
of wood, or, preferably, as in the modern 
cameras, u framework of wood with a hellows- 
expanding body of leather, so that when closed 
tlie camera may occupy little space and be corn- 
paratively light. In front of the camera is 
placed the len.s, and at the back a pkte of 
ground glass, on which the image of the object 
to bo xhiotugraphed may bo focussed, together 
with an arrangement for lengthening or shorten- 
ing the liody of the camera. The position of the 
ground-glass screen is the same as that occupied 
sub-Hcquently by the sonsitivo plate. 

Accoiniianying the camera are one or more 
double-backed dark slides, arranged to carry two 
flry T)lateH each, back to back, with a blackeneci 
slip of thin sheet iron between them and a 
sliding shutter, so as to expose fae plate 
when in the camera. In the cas^o of wet-plate 
work, it is customary to use a dark slide holding 
only one idate. The dark slides of larger 
cameras may bo fitted with light "^vooden 
carriers, which allow of smaller plates being 
used. For the exposure in the camera ot 
flexible material coated with emulsion other 
arrangements, .such as roller slides, are required, 
on which the material may be stretched. A 
-r-f these will he found under the 
-..■-•■li.-;" (ii-.-crib!:;L.: paper negatives and stripping 
iilras." The camera should bo made of light and 
well-seasoned wood, and the body of good 
leather. It should bo capable of opening out 
to a length two or three times as much as tne 
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length, of the largest plate it carries. The 
corners may be brass- bound, especially for 
cameras req^uired in hot climates. The front, 
carrying the lens, should bo provided with a 
vertical and a horizontal adjustment, so that 
the position of the lens in these directions may 
be changed at will without altering the position 
of the camera. The back of the instrument 
should have a certain degree of saving, so that 
the angle between the sensitive plate and the 
axis of the lens may be varied when required. 
By such freedom of movement it is possible to 
obtain considerable improvement in the adjust- 
ment of the forms of objects at different dis- 
tances and in peculiar positions. 

To obviate the necessity of dark backs, 
cameras have been designed in which a separate 
slide for the plates is dispensed with, and its 
place taken by a multiplex back, containing 
about eight or more plates, wliioh, by a mechani- 
eal arrangement, can be alternately exposed to 
the light. Other more modern cameras have 
from time to time been introduced where con- 
tinuous films on rollers may bo used. 

The support for the camera should be as 
strong and steady as possible consistent with 
lightness. Por out-door work the camera stand 
is generally made to fold up, so as to make it 
more portable, and in most cases the legs of the 
stand have a sliding adjustment, which is a 
matter of importance when working on unequal 
ground. The most important requirement of a 
stand is perfect rigidity when fixed, so that no 
vibration may be communicated to the camera 
daring exposure. 

Action of light on silver compounds. Al- 
though many chemical substances undergo 
change by light, the halogen compounds of 
silver are those generally employed in photo- 
graphy, and they may be taken to illustrate 
. such changes, as well as those taking place in 
the further processes of development and 
intensilication. 

Of the composition of the latent image wo 
have no exact knowledge. It is generally ac- 
cepted, how'ever, that the change, so fax as the 
halogen silver salts are concerned, is the con- 
version of those into sub-salts, as may be shown 
by silver bromide, 2AgBr=Ag2Er-l-Br, this 
change being common to the throe halogen salts. 
Experiments have, however, shown that the 
change may be probably of a much more compli- 
cated kind. Whatever its exact nature may 
be, there is evidence to show that it will not 
take place with any facility unless some agent 
is pro.sent_ which wiU absorb the halogen 
as it is liberated during the change. Such 
agents are to be found in certain metallic salts 
and in organic substances. In the wet collodion 
process the presence of excess of silver nitrate 
^ on the surface of the sensitive plate acts as such 
* an absorbent. To trace the extent to which 
such silver compounds, either alone or when 
mixed, are sensitive to the action of light, the 
examination must be made by photographing 
the solar spectrum. This has been extensively 
done by Abney, Vogel, and many others, and 
the '■ ’ conclusions may be drawn 

iron ( ■■ ■ ■. : — 

The action of the light is different for each 
of the halogen salts of silver, either alone or 
when mixed. 


It differs also according to the material witli 
which the sensitive compound may bo mixed or 
on which it may be spread, whether at the time 
of exposure to light the material be in a moist or 
in a dry condition, and, linally, the different 
quantities in which the sensitive compoundfi 
may be mixed together. 

Chemical action in development of the image. 
As the action of light would have to be 
immensely prolonged to produce a visible image 
on the sensitive film, reagents are employed 
which, exercising a reducing action on the silver 
salts, render visible the action begun by the 
light. Such agents are termed developers. 

The action which takes place in the develop- 
ment of wet collodion plates, may be illustrated 
by the action of ferrous sulphate on silver nitrate, 

0AgNO.., + 6FeSO4=21'e2(SO4)3-l-Pe2(NO3)6 + tAB2, 
in which it is assumed that the silver so deposited 
adds itself to the silver salt already changed by 
the action of the light, and decomposed by the 
developer, thus : 

2Ag3Br-l-3EeS04=Fe2(S04)3+EeBr2-l-4Ag. 
The developed image in the wot plate is cs.seu- 
tially on the surface of the film, because the 
silver salt is on top of the film. If the ferrous 
salt and silver nitrate be brought together alone, 
too rapid reduction takes place. It is cus- 
tomary, therefore, to employ certain substances 
which act as restrainers during the decomposi- 
tion. These are to be found in either mineral or 
orgaxiic acids, and in certain other organic com- 
pounds. 

Development may also be carried out willi 
organic salts of iron, of which the most impor- 
tant is ferrous oxalate : 

2 Ag2Br-|-3(FoCoO,i)=rc2(0204)3-l-FeBr2--l-4^^ff> 
a change comparable with that of the ferrous 
sulphate just described. 

Besides iroj- "'k . ’ ’ is einxffoyed, 

both in the ■ i , ■■ in dry-plate 

processes, the action here, as in the case 
of iron salts, being one of reduction in the 
presence of some halogen absorbent. In al- 
kaline develop)mont the reducing or developing 
action takes place first on silver sub-bromide, 
produced by the action of light on the bromide, 
the bromine thus sot free, being absorbed by 
the organic substratum. In this develoxmient 
the change is produced by pyrogallol rendered 
alkaline by ammonia or some other alkaline, 
substance, the pyrogallol alone being unabki 
to effect the reduction of the sub-bromide to 
metallic silver. In the xmesonco of an alkali, 
however, it becomes a rajnd absorbent of 
oxygen, or of an equivalent of chlorine, bromimi 
or iodine. 

As there seems reason to believe that; freshly- 
deposited silver converts unaltered silver lu'omiclo 
into the sub-bromide, and as this sub-bromid(t, 
on being attacked by it.,- .li '.- ’; ;.. :', would at 
once give a deposit the plate 

farther than the area (■ ;!ie o;' the light, 

it is necessary to have with the developer some 
substance cajiable of acting as a restrainer on 
the secondary decomposition. Generally, soluiffe 
bromides are employed for this jiurposc, and it is 
possible that they form a double salt with the 
silver bromide, less easily attacked tiy the 
nascent silver, so obviating a doxwsit except 
where the light has begun the action. 
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It must be understood that our present know- 
ledge of the action of light and of developers on 

silver salts is nrt ■ ■ ■ ■ 'h to enable 

equations to be ■ ■ : ■ exactly the 

changes which occur. 

The idea of ionisation has been introduced 
■ to explain the chemistry of development. Thus 
in the ca"* P - - ■. -whero it is known 

that the ■ ■ ... ■ ■ . ■ i it during develop- 
ment is quinone, the hydroquinone is supposed 
to become ionised, thus losing during the action 
two negative charges which neutralise the posi- 
tive charges of the silver in the ionised silver 
bromide, the oxygen atoms combining to form 
quinone. 

Chemical actions m intensification, reduction, 
and fixation of negatives. In the process of 
intensification we have a strengthening of the 
developed image, which may be brought about 
in two ways : either by causing a further deposi- 
tion of silver, or a deposition of some other sub- 
stance on the silver already deposited during 
development. 

In the first case the change is analogous to 
that of development. As an instance of the 
second the follriw.'i 'jr nmy iaken: 

Ag„ , iMIyCI : lii ('■■,•; 2AgCl, and 
HgaClp-f 1 ,0 \\: S i'l ; I -J-NH4OH-2HJO 
when in the first place the silver deposited on 
the plate, on treatment with mercuric chloride, 
yields mercurous and silver chlorides. On appli- 
cation of ammonia solution to this, after washing, 
we have the imago darkened by the formation of 
blade dimercurous-ammonium chloride. 

Other intensifying agents aro employed, of 
which the following are the most important : — 
Mercurous chloride, after washing with sodium 
sulphite, 

Hgj,Cl2-f-NaaS03-fH20=2Hg-l-Na2S04+211Cl. 
Mercurous chloride with ferrous oxalate, 
HgaCl2-l-2AgCl-t-4FeC204-f2Koa04 

=2Hg+Ag2+2Fe2(0204)3+4KCl. 
Potassio-silver cyanide on mercurous chloride, 
Hg2Cl2H-2AgK(CN)2==Ag2+2Hg(CN)2+2KCl. 
fi^he ferricyanides of lead or uranium on the 
silver image, 2Ag2-l-2Pb.,Fe„(CN)i2 

= Ag4Fe(CN)o -|-3Pll,Fe(0N)6. 

The substances formed in this case, being white, 
aro, after washing, treated -with an alkaline sul- 
phide to convert them into the dark sulphides. 
The forrocyanide of uranium, possessing a dark 
brown colour, renders the picture sufficiently 
dense without further treatment. 

Fixing the negative. This is generally done 
with sodium ■ ■■ - atassium cyanide, 

the action of : depending upon 

the formation of soluble double salts of silver 
with the alkali metals, which can be washed 
away from the negative. In fixing by sodium 
thiosulphate, it is necessary that the solution 
.should be concentrated, otherwise an insoluble 
double salt may be produced. The action in 
each case may be represented by the following 
equations : 

AgBr+2KCN=AgK(CN)2+KBr 

2AgBr-f3Na2S20.j=Ag2Na4(S20a)3+2NaBr. 

Reducing negatives. It often happens that 
a negative becomes too dense during the process 
of development, and it is necessary to reduce its 
density. This may be done cither by mechanical 


or chemical means. In the application of 
chemical means two actions may take place, 
(1) the image may be converted into one of 
another or less dense colour, or (2) the excess of 
silver deposit may be removed ; the latter is the 
best course, and is done by transforming the 
silver into silver chloride or bromide, and re- 
moving that by solution. Many substances 
effect this change, such as ciqwic and ferric 
chlorides, bleaching powder solutions, sodium 
aird potasisi ’ . . ammonium and 

potassium : . ■ . ■ silver reduces 

these salts, becoming itselt converted into 
chloride, which may be removed by again fixing. 

With coj>per and ferric chlorides wo have 
Ag.2-l'2CuCL,=2AgCl4-Cu2Cl2 
Aga -l-2FeCl3 = 2 AgOU- 2FeCl2. 

These methods have the disadvantage of not 
showing the full diminution in density till the 
whole of the AgOl has been removed by the 
fixing agent. To allow of the final reducing 
action being seen during the operation, a process 
has been introduced by whic]: 
oxalate is simultaneously used ' ii i;i', !;. 

thiosulphate 

Ag2 + Pc2(0204)3=Ag2C204-t2FeC204 
Ag2Ca04+3Na2S203=Ag2Na4(S203)3+Na2C204 

(Edcr). Pota.ssium forricyanido may also bo 
employed with sodium thiosulphate 
2Ag2+2K„Fe2((JN)i2 

=Ag4Pe(ON)o+3[K4Fc(ON)„] 
Ag4Fe(CN)(. + 6 Na. 2 S 203 

=2Ag2Na4(S203)3-fNa4Fo(CN)4. 

Preparing and edging plates. To prepare 
glass plates for coating — either with collodion in 
the wot-plato process, or for the more modern 
processes Avith emulsions — it is necessary, if 
they have been used before, that all the old film 
should bo removed ; and whether they have 
been xmed or not, to polish them so as to receive 
the fresh coating. Old varnished films may be 
removed by soaldng the plates for 24 hours in 
solutions of hydrochloric or nitric acid con- 
taining 1 part of the acid to 20 parts of water. 
After this time the film can be easily removed 
by brushing with a nail brush and warm water. 
After removal of the film tho plate should then 
receive a polish, so that tho coating may flow 
easily over the surface. This is best done with 
ordinary whiting and -water made up to a 
creamy consistency, or, what has proved very 
effectual in tho writer’s experience, rouge made 
up to tho same consistency with alcohol, and a 
few drops of ammonia added to it to dissolve 
grease stains. Tho plate is laid on a pad of 
thick flannel, a little of tho fluid containing tho 
rouge is poured on the plate, Avhich is gently 
rubbed with a small pad of flannel. Tho alcohol 
gradually evaporating leaves tho plate covered 
Avith a thin film of dry rouge, which is best re- 
moved by gently polishing with a pad of tissue 
paper, tile final polish to the plate being given 
with a second pad. If whiting and water aro 
used, the powder, when dry, must be removed 
with a slightly-damped cloth, and hoAvever 
perfect tho cloth may bo, it is apt to leave 
shreds on the surface of tho plate, which may be 
obviated by using tho tissue paper. 

When cleaned, it is customary to give the 
plate an edging or substratum of some material 
w'hich will assist tho collodion or tho emulsion 
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to stick more firmly to the plate during the sub- 
sequent processes of washing, &c. In dry 
plates it is not always absolutely necessary to 
employ an edging, but is sometimes advisable, 
and is almost imperative with collodion films. 
The following solutions will be found sufficient 
for substrata : — 


— 

a 

h 

c 

d 

e 

Albumen . 

White of 

Dried 




Gelatin 

1 egg 

50 grs. 

75 grs. 



Ammonia . 

5 mm. 

5 mm. 

2 di-B. 





India-rubber 






5 KFH. 

5 grs. 

Oliloroform 







5 oz. 


Benzene 








5 oz. 

(rectified) 

Water 



00 oz. 

50 oz. 

60 oz. 

— 


a and & must be filtered before use through 
a light plug of cotton-wool. In a, h, and c the 
plates may be immersed entirely in the solution, 
and placed on the rack to dry. In d and e the 
solution should be poured on as described for 
coating with collodion, or an edging of about a 
quarter of an inch may bo given with a brush. 

The Collodion Pkooess. 

Although gelatin emulsion plates are now 
extensively used for ordinary photograjohy, 
collodion plates are still employed in process 
work, and any account of the subject would be 
incomplete without a description of this process 
which for long was the only one in use. 

The process depends upon the coating of 
glass plates with a stratum of soluble pyroxylino 
or coUodion, impregnated with soluble iodides 
or bromides, which form the sensitive silver 
compound when placed in a solution of silver 
nitrate. 

The soluble pyroxyline or collodiofi cotton 
CxsH2xOo(OH)(N03)s is formed by the action of a 
mixture of nitric and sulphuric acids with a 
little water (HNOg with HoSO^ and IfH^O), or 
of a mixture of potassium nitrate with sulphuric 
acid upon cotton. It differs from cotton in 
being soluble in a mixture of alcohol and ether, 
yielding a viscous fluid, which on evaporation 
leaves the pellicle or film of collodion. 

To prepare the soluble cotton for collodion, 
3 measured ounces of nitric acid (sp.gr. 1-457) 
are mixed with 2 ounces of wuter in a pint 
bealcCT. Nine measured ounces of strong sul- 
phuric acid (sj).gr. 1-845) are then added to this 
mixture with constant stirring, and the mixture 
allowed ^ to cool to 60°. 100 grains of dry 

cotton, in tufts of about 10 grains each, arc im- 
mersed in the mixture of acids and allowed to 
remain from 5 to 10 minutes in a covered 
beaker. The acid is then poured off, the cotton 
squeezed with a glass-rod, washed in a .stream of 
water until all acid has disappeared, and finally 
dried by exposure to the air. Before drying, the 
cotton may be washed with a little weak solution 
of sodium carbonate to ensure the total re- 
moval of the acid. 

The cotton employed must be entirely 
cleansed of all resinous matter adhering to it. 
For this purpose it should be boiled in sodium 
carbonate, thoroughly washed, and finally dried 
before immersion in the mixed acids. 


For larger quantities of pyroxylino the fol- 
lowing amounts of the different acids may bo 
taken : 

Sulphuric acitl, S23.gr. 1-845 . . 18 oz. fl. 

Nitric acid, sp.gr. 1-457 , . 6 „ 

Water 6-51- „ 

The nitric acid is first added to the water, 
and lastly the suljihuric acid, the mixture being 
stirred and allowed to cool. These quantities of 
acid will convert about 300 grains of cotton. 

For the manufacture of pyroxylino by the 
second method with potas.sium nitrate, the fol- 
lowing quantities wdll be found useful : 

Sulphuric acid . . .0 oz. fl. 

Dried potassium nitrate . . 31- oz. (av.) 

Water . . . . . 1 oz. fl. 

The acid and water are first mixed to- 
gether, and the dried x^otassium nitrate then 
added gradually in a finely-crushed condition. 
On stirring, a transparent viscous liquid is ob- 
tained, which must Tie kexit at a temperature of 
62°. Into this about 60 grains of dried cotton 
are then dipped in the manner previously 
described, and allowed to remain in the mixture 
for 10 minutes. 

To form collodion the pyroxyline is dis.solved 
in a mixture of alcohol and ether with the 
necessary quantities of soluble iodides and 
bromides to form the sensitive salt w'hen the 
plate is immersed in the silver bath. The 
following quantities will give good general 
results -. — 


Pyroxyline . 

Ether, sp.gr. 0-725 
Alcohol, sp.gr. 0-805 
Ammonium iodide . 
Cadmium iodide . 
Cadmium bromide 
Alcohol, sp.gr. 0-830 
Ammonium bromide 


i. 

ii. 

iii. 

120 grs. 

120 grs. 

100 grs 

10 oz. 

10 oz. 

10 oz. 

4 oz. 

5 oz. 

5 oz. 

30 gr.s. 

40 grs. 

50 grs 

45 grs. 

40 grs. 

— 

— 

20 grs. 


4 oz. 

5 oz. 

5 oz. 



25 grs 


The j3yi-oxyline is first dissolved in the mixed 
alcohol and ether j the iodides and brohiides are 
then di.ssolvoxl in the weaker alcohol and the 
two solutions mixed, i. gives a simjdc iodised 
collodion, ii. a bromo-iodised collodion, butli 
suitable for negatives ; iii. a collodion suitable 
for positives or forroty2)03. 

The sensitising hath. The silver salt em- 
ployed in the manufacture of this bath is silver 
nitrate, and the strength for the ordinary bath 
is from 35 to 40 grains of silver nitrate to tlie 
ounce of water except in certain cases. About 
Jth grain of potassium iodide should bo added 
for every 40 grains (3f silver nitrate ; or the hath 
may be _ allowed to become saturated with 
silver iodide during the subsequent working. 

To make the bath, from a quarter to half 
the quantity of water to he emxfioyed is taken, 
and in it the silver nitrate is dissolvetl ; to 
this solution is added the soluble iodide, causing 
a precipitate of silver iodide gradually dissolving 
on shaking ; the remainder of the water is then 
added, the mixture allowed to stand, and fil- 
tered. After preparation the bath should be 
slightly acid, and for this a drop or two of nitric 
or acetic acid may bo added, preferably the 
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former. Should the bath he too acid after 
maldus, a little sodium carbonate may bo added. 
The following are convenient quantities for the 
preparation of larger amounts of bath solution — 
Tor For positives 
negatives and ferrotypes 

Silver nitrate (recrystallised) 6 oz. 6 oz. 

Distilled water . . 80 oz. 80 oz. 

Nitric acid . . . 10 min. 12 min. 

Saturate with an iodide as before described, 
and filter. 

Development of the latent image. The che- 
mistry of the action of the wet plate process 
has been already indicated. It is only necessary 
now to give formrda) best adapted to the 
development of the image. Those relate par- 
ticularly to the acid development collodion 
process. 

The following table gives the quantities 
necessary for some useful iron developers for 
wet plates : — 


— 

a 

b 

c 

; a 

\ 

Ferrous sulphate 
Ammonio-ferrous 

75 grs. 

180 grs. 

100 grs. 

i 

125 grs. 

sulphate 

— 

— 

— 

Copper sulphate 

— 

— 

50 grs. 



Barium nitrate ' 

— 

120 grs. 



— 

Acetie aokl 

120 min. 

120 min. 

100 min. 

125 min. 

AIcoIkjI 

120 „ 

— 

100 „ 

125 „ 

Nitric acid 

3 „ 

10 min. 

j 



Water 

5 oz. 

6 oz. 

5 oz. 

5 oz. 


In the wet-xjlate process the development 
may be carried out ■ ' ■ . sufficient 

quantity of the fluid ■ ■ . ■ ■ ■ . or the 

plate may bo immersed '■ ■ : ■ the ease 

of dry plates. When sufficient detail has made 
its appearance, the excess of developer is washed 
off by a stream of water. 

Intensification of tvet plates. When the 
density of the negative is not sufficient for 
printing purposes, It may bo strengthened by 
liouring over the plate a sufficient quantity of 
either of the fallowing solutions ; 

a b 


Pyrogallol . 

Citric acid 
Perrons sulphate 
Water 


10 grs. — 
20 grs. 50 grs. 
— 25 grs. 

6 oz. 5 oz. 


After the plate has been thoroughly mois- 
tened with the solution, the latter is poured 
})ack into the developing-glass and a few drops 
of a 10-grain solution of silver nitrate added to 
it. On re-flooding the plate with the mixture, 
the image will gradually gain in density. Other 
substances may be employed as intensifiens, 
some of which will be mentioned in cpnnection 
with dry plates, but for a full description of the 
various formula} text-books on i>hotography 
must bo consulted. 

Fixing. To remove the unactod-upon silver 

salt, soc"' ” i ■ ’ itassium cyanide 

maybe ■■ ; ; ■ ' ‘ ‘ ' being contained 

in !\, flat dish, or in an upright bath provided 
with a dipper. The following quantities are 
those generally employed for plates — 

a 

Rodium thiosulphate . . 4- oz. 

Water 20 oz. 


> The msoluble harium sulpliato formed is llftereil 
off ; h is Buitablc for positives. 


b 

Potassium cyanide . . . 120 grs. 

Water . . . . , 5 oz. 

a is preferred for negatives, 6 for positives. 
Groat care is required in the employment of 
the latter salt on account of its very poisonous 
character. 

■ Varnishes. — Por the protection of films they 
should be covered with a coating of varnish as 
clear and as hard as possible, to prevent damage 
during the ■ , ' ■ ■ f ■ rinting. These var- 
nishes are " . ^ . in such solvents as 

alcohol, benzene, or chloroform. The composi- 
tion of some of these is kept secret, but the 
quantities given in the next column yield good 
material for ordinary work. 

a and c are suitable for negatives, c being 
very hard and durable. 6 may be rubbed off for 
retouching tho negative, and should not he used 
when great i)ormanency is required. Por further 
details with regard to photographic varnishes v. 
Vaunish. 


— i 

a 

b 

c 

d 

Shellac 

150 gr. 

_ 



Sandarao . 

150 „ 

384 gr. 

— 

430 gr. 

Mastic 

00 „ 

— 

— 

— 

White hard varnish 

— 

— 

3oz. 

— 

Camphor . 

3gr. 

— 

— 

— 

Oil of lavender . 

— 

5 dr. 

— 

1 dr. 

Chloroform 

— 

2 „ 

— 

— 

Oil of turpentine . 

1 dr. 

— 

— 

3 dr. 

Voniee turpentine 

1 dr. 

— 

— 

— 

Alcohol 

5 oz. 

6 oz. 

6oz. 

6 oz. 


Dhy Plate Processes. 

Collodion emtdsion. Next to tho wet plate 
process come tho more modern or emulsion 
XHocesses, which may conveniently be divided 
into thos'-- '■ollodion, and those con- 
taining ■ ■ thickening medium in 

the emulsion. Gelatin emulsions are now tho 
most important ; but, the others being useful for 
certain purposes, tl:-' g, collodion 

emulsion is briefly ■ ■ . proceeding 

■to those in which gelatin is employed. 

The plates having been prepared and edged, 
if necessary, as jirevionsly described, may he 
coated with an emulsion prepared in the follow- 
ing manner. The plain collodion may be made 
by dissolving 200 grains of ordinary pyroxyline 
in 6 ounces of alcohol (sp.gr. 0'820) mixed with 
10 ounces of other (sp.gr. 0-730). To make, 
say, 1 pint of emulsion from this, after the final 
treatment of emulsification, drying, washing, 
and re-emulsifying has been gone through, we 
may take ounces, or the half of the collodion 
prepared. 200 grains of zinc bromide are next 
weighed out in two portions of 100 grains each, 
one of these portions being {fissolved in tho 
smallest quantity of alcohol ; 4 or 5 drops of nitric 
aftid are added to tho solution, and then poured 
into the collodion. The second 100 grains are 
dissolved in a boiling tube in alcohol, 1.0 drops of 
nitrio acid added, and kept ready for use. Next 
330 grains of silver nitrate are weighed out and 
dissolved in about 5 to 6 drs. of water, and 10 
drops of nitric acid added to tho solution. To 
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tliis solution 1| ounces of warm alcohol are Uj’) to this point the operations may ho cari'icd 
added, and the two liquids thoroughly mixed, out in the ordinary light, but all further worlc 
The coEodion containing the zinc bromide is now must be done in ruby light. • 

placed in a vessel convenient for mixing, and When the gelatin is thoroughly liquefied 
the solution of sEver nitrate graduaEy added, the solution of silver nitrate is added gradnaily 


with constant stirring, till about one-half to three- 
quarters of the sEver solution has been poured 


Many arrangenicnts have 
to time for tin? proper 


in. The whole of the bronude solution is now adiEtion of the silver solution to the gelntin, 
added in exactly the same way as described, but it can be done with case by pouring the 
and then the remainder of the silver solution, solution in a thin stream from an ordinary 
Should any of the sEver solution orystaEiso on lipped beaker, or through a glass funnel with a 
the sides of the boEing-tube it may be dissolved very small orifice. When the mixture is eom- 
in a little water and about half an ounce of plcte, wash out the rest of thci silver .solulion 
alcohol, and added to the emulsion with constant remaining in the beaker with al)out an ounce of 
stirring. The emulsion so prepared, when warm water, and add to the emulsion, d’ho 
examined by a candle or gas flame, shotEd appear emulsion must now bo examined by spreading a 
of a deep orange tint by the light transmitted little on a glass plate and looking at it by traiis- 
through a thin film. mitted light, when it should appe-nr of a virdeli 

Manufacture of gelatin emulsions. Gelatin colour, apparently with a tendency to assutiie a. 
emulsions are now so varied in their nature and rose-pink tinge. The emulsion "having been 
the detaEs of their specir’ .re so allowed to remain in the hot water for from 

carefiEly guarded by the ■ ■ , that half .. — -f an hour to undergo a 

it is impossible here to deal with the detaEs of proci ■ ■ . ■ ' is then ])ourcd info a 

their preparations. OiEy a short description is flat ■■ ■■ ■ . placed in a perf(‘(!fly 

given, therefore, of the general points in the dark ■ ■ ■ . o set. It should nmuiin 

manufacture of an emulsion on a smaE scale. thus for at least 24 hours, but will bo betlcr 
Gelatin emulsions may be arranged in the if allowed to remain two or three days. As the 
foEoiving three classes ; (a) the ammonio nitrate emulsion when first prepared contaiiis an exc(;;i.s 
process, (b) the acid boEing process, and (c) the of silver salt, it must undergo a procf‘H.s of 
cold process, {a) is simple, easy to perform and washing, which may bo carried out in rubv 


suitable for beginners ; (6) requires more ap- 
paratus and does not yield quite so sensitive 


light in two ^rays. 

The gelatine pellicle, having been .scraped oil 


an emulsion ; (c) requires no heating but is apt from the dish by a bone or gla,s.s spatula, is 
to yield irregular residts. transferred to a square of coansr; oanva.s. 

It is necessary that aE operations in making thoroughly wetted to soften it. The conujr.s of 
fhc: . i- ■!’-=■■■ ■ h.-. to obtain the required the square are gathered together and tiral with 
r..:r:.--/, .■.:iy ■.vashing the emulsion when string, thus inclosing the pcilliclo in a rough bag. 

formed— -should be carried out in the dark room This bag, containing the pellicki, i.s placed in a 
or in red light. For most cases, light passing vessel of water, and thoroughly kiu;adcd by 
through ruby glass is sufficient, but in the manu- squeezing it against the sides of the vckhcI by 
facture of extra rapid emulsions greater pre- means of tl ■ ' ’ . "" ■ ’ in thus 

caution with regard to light is necessary. As squeezed in ■ ' ■ . as, and 

during the process of manufacture the emulsion falls to the be ■ ■ VVhen 

must be kept at a certain temperature, glass the whole oft ■ ' ' ■ ■ ■ . -.rcated 

or porcelain vessels are necessary for dissolving the water is poured off and the pedlick! agiiin 
and mixing the constituents, and a small pan covered with fresh wat.er, allowetd to .sliind for 
or dish is required for keeping these ve.s.soIs at about 5 minutes, and the water again poured 
the required temperature by hot water. off, this operation being renealaHl f-t'ix or ci'dit 


The substances required for a simple emulsion times. It will bo found advantageous durTm? 
are silver nitr’ ' ■ . ' ■■ - ido, and auto- ■■ " ■■ashing to tea, <-!(( up the .shreds of 

■ ■ quantities for , i a tap rin'r.ir; - v/.. ,'■■■• (uin 

a small amount of emulsion are obtained by be obtained, the washing ■■■. ■'' i-- i;- 
taking 300 gimns of gelatin, cut up into .shrod.s After perfect washing the prElieJe is f.nrned 
by scissors. Tliese are transferred to a glass out of the washing jar on to a porcnhiiu st rainer 
beaker, or other vessel, and covered with covered with a handkcTcbiof, ami the (uxce.ss {»f 
5 ounces of water, in which 185 grains of potas- water drained away. It may I, hen i)(/KwElefi 
mum bronuV- ' been dissolved, with a wash of methylated spirit, which faeili- 

•T f. 1 u ■ ' f j ^ t^rying, and transferred hy the porcfdain 

gelatin graduaEy softens and swells. While spatula or glass spoon to a suitahlo hir covered 
the gelatin is being softened, 231 grains of -with a lid, until it is required for coating Ihe 
silver nitrate are dissolved m 5 ounces of water plates. Other methods of washing the pel! id,.' 
by gentle heat m the pan or water- bath, and have been introduced, such placing It on' a 
wliea tlio solid is thoroughly dissolved some hair sieve after soueezin/x thrmicrh canvas and 
strong solution of ammonia (O-SSO) is gradually then washing on the .sieve in a Hircarn of Water 
added to the silver^ solution, with constant from the rose tap. It is po.ssible that .spread in-' 
stirring, untE the precipitate which first forms is the emulsion on a sieve faffilitates the .snhser p i t 
dissolved. The two vessels are now placed in a drying ‘ 

pan with water, kept rigorously at a temperature A s'ceond method of washing the omnlsion 
never rising above 35“ until the gelatin becomes and removing the .soluble salt,s is to proc ili 
first VISCOUS, and then, with it alcohol. This is cloio l.r' 

perfectly liquid. It Ls essential that the gelatin warm methylated spirit into the 
be perfectly liquid before adding the silver salt, with constant stirring, when, on alio Sg the 
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mixture to cool, the emulsion is found pre- 
cipitated at the bottom of the vessel. The 
precipitated emulsion can then bo washed 
in a stream of water, and transferred to a 
covered pot until required for coating the plates. 

The numbers just given will be found con- 
venient for a beginner making an emulsion for 


the first time, and yield one of moderate rapidity. 
The following table gives a selected series of 
emulsions suitable for different 
I. and II. are of different degrees ■ i ■ ■ 
first yielding a material suitable ^ , 

when no great rapidity is required ; the second 
deals with an emulsion of greater sensitiveness. 


Table oe Various Gelatino-Beomide Emulsions. 



— 

I. 

II. 

III. 

IV. 

V. 

VI. 


'Silver nitrate . 

200 grains 

200 grains 

400 grains 

200 grains 

330 grains 

462 grains 

A' 

Distilled water . 

3 ounces 

3 ounces 

7 ounces 
[sufficient j 

3 ounces 

3 ounces 

10 ounces 
(sufficient ] 


Ammonia (-880) 

— 

— 

1 to dis- 1 
( solve ppt.) 

— 

— 

< to dis- i 
( solve ppt. ) 


/Ammonium iodide 

— 

— 

24 grains 

— 

— 

— 


(Ammonium bromide . 

— 

— 

280 grains 

120 grains 

200 grains 

— 


Potassium bromide . 

160 grains 

165 grains 

— 

— 

— 

370 grains 

B 

Gelatin (Nelson’s } 
No. 1) . \ 

40 grains 

30 grains 

80 grains 

30 grains 

218 grains 

615 grains 


Hydrochloric acid } 
(1 p.c. sol.) ( 

200 mins. 

— 

— 


— 

— 


\Distilled water . 

2|- ounces 

2i ounces 

5i ounces 

4 ounces 

3 ounces 

10 ounces 

0 

(■potassium iodide 

12 grains 

6 grains 

— 

— 

— 

— 

(Distilled water. 

1 ounce 

i ounce 

— 

— 

— 

— 


Eronoh gelatin . 

— 

— 

— 

__ 

218 grains 

— 

D 

Hard gelatin 

300 grains 

260 grains 

— 

200 grains 

— 

— 


Water 

4 ounces 

3 ounces 

— 

— 

3 ounces 


fMcthylated spirit 

— 

— 

24 ounces 

— 

— 

— 

(Salicylic acid 



25 grains 





Eor more detailed information regarding the 
manufacture, ripening, &c., of gelatin emulsions 
the various text-books on jihotography must bo 
consulted, 

Eor coating r, ■ ■^’'r'-ea with emul- 
sion on a small • ■ ■ ■■ method may 

’ ■ 1 _ plate must bo laid on a very 

■ stand or tripod. A quantity 
of emulsion sufficient to cover nearly half the 
plate is poured on the middle of it : a glass rod 
about 2 ins. longer than the width of the plate 
is then grasped between the fingers and thumbs 
of both hands, dipped across the plate, into the 
middle of the pool of omuLsion, and steadily 
moved first to one end and then to the other of the 
plate. By a motion of the finger and thumb 
the rod can be raised a slight distance from the 
plate, so as to allow the emulsion to coal 
smoothly, and, by resting the tip.s of the finger 
and thumb upon the levelled slab, a guiding 
motion may be given to the rod. In the largo 
manufactories many mechanical arrangements 
are employed to facilitate rapid coating of the 
plates. 

When the emulsion i.s thoroughly sot on the 
plates, they are removed from the level slab to a 
suitable rack to undergo a thorough drying pro- 
cess. This is most conveniently done in a 
.. .• ii_. — j.. .1 current 

. , ■ ;'..!l ; Ik- outside passing 

through it. The artificial heating of the air is 
unnecessary if the air-passages are sufficiently 
large and properly arranged. 

'The plates will take from 12 to 48 hours 
to dry, according to circumstances, and may 
then be packed until required for use. 


Ortho - chromatic photography. On com- 
paring the curves indicating the intensities of 

the visual and the ’■ ' 1 r - - 1 > will 

be atonce observef ■ ■■ .■■■';■ xista 

between them, the visual intensity being greatest 

about the points D and C, and ti“ p’- 

intensity about the point G in ■ i- , ■ : 
gra'’ " ■ to the ■ 'i ■ ■■■!,.' 

Fa- . I . ■ . 

■■ ■ - I .■ )■■ ■■ , -chromatic photography is 
by :* ■ I ; . dyes introduced into the 

sensitive material to bring the visual and the 
photograj)hic intensity as much into harmony 
as possible. This unison may he partially 
brought about by the introduction into the 
photographic film of substances such as cosin, 
erythrosin, rose of Bengal, cyanin, &o. 

The most important work in the direction of 
ortho-chromatic photography has been carried 
out by Bocquerol, Eder, and Vogel on the con- 
tinent; Cary Lea in America, and by Abney, 
Waterhouse, and 0. H. Eothamlcy in this 
country. The dyes arc now generally incorpor- 
ated with the sensitive film, but may also bo 
used in the form of screens placed in close 
juxtaposition to the plate. 

The amount of dyo employed must bo 
small, as the effect is destroyed by largo 
quantities. When mixed with the emulsion it 
is generally found best to employ about 15-30 
min. for every 600 c.c. of emulsion ; but when 
the sen.sitive plate is dipped in the dyo a solution 
of 1 part of dyo in 20,000 of water is sufficient. 

Orthochromatic plates may be divided into 

(1) those sensitive to the green and yellow rays, 

(2) to orange and red rays, and (3) to the entire 
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spectrum (panchromatic). There arc many 
sensitive substances employed, but the following 
table shows some of those most commonly 
used : — 



— 

a 

h 

c 


'Brytlirosin 

i Cyanine blue (ethyl 

10 grs. 

— 

— 

1 . 1 

1 cvaiiino or pinacyanol) 

— 

1 gr. 

— 

1 Auracine . 

— 

— 

1 gr. 


Alcohol 

4 oz. 

8 oz. 

— 


'•Water 

— 

— 

10 oz. 

11 . - 

f Ammonia (0’880) 

1 dr. 

— 

1 dr. 

( Water 

24 oz. 




(a) is suitable for ’ ■ , ” region, 

and if the plate be '■ onsitiser 

by dipping, it should be used within a few 
days, (b) "is for the red region. These plates 
from their sensitiveness must be prepared 
practically in the dark, (c) is for green and 
blue-groou rays. The auracino is dissolved in 
boiling water, filtered, and the ammonia added 
to the cooled solution. This solution reduces 
the speed of the plate. 

For panchromatic plates the two following 
solutions may be used : (d) alcoholic solution of 
pinachi’omc (1:1000); ammonia (0-880), 6 
min. ; water, 1 oz. ; (e) alcoholic solution of 
homocol (], : 1000) ; ammonia, 10 min. ; water, 
1 oz. 

Special care must be taken in preparing those 
plates, which should be done somewhat quickly, 
and in the dark. 

Many other sensitisers may be used, of which 
the following are instances. For blue-green 
and green, acridine orange without ammonia. 
For green and yellow (but not rod) erythrosin 
as above. Green, yellow and red, orthocliromc, 
pinaverdol, pinaoh'rome or homocol. Extreme 
visible red, pinaoyanol. Infra-red, dicyanine. 

The following curves, taken from Botham- 
ley’s papers on this subject, show the increased 
no'nsitiveness jiroduced by some of these dyes 
in the portion of the spectrum lying Ijotween 
A and E : — 


NMLHG- FED GBA 



The following diagrams indicate the increased 
sensitiveness of (a) an isochromatic plate showing 


partial sensitiveness; and (&) a panchromatic 
plate with the sensitiveness extending into the 
red rays. * 


2 3 4 5 6 7 



Spectrum of Isochromatic P/ate 
Fia. 7(a). 


2 3 4 5 6 7 



Spectrum of Panchromat/c P/ate 
Fia. 7(6). 


The chief use for plates .so sen.siti.sed will bo 
found in the copying of jnetures, ilowcr.s, or 
distinct patterns of different colours, where an 
much harmony as po.ssible is rcuiuired betw'con 
the visual an, I pl'.'.io^rawhie e'T. e; ■ ut they w’ill 
also prove .'i: i cuntra.st.s 

sometimes i' ;::!.'! -i 

For detailed information on orlho-ehromatio 
photography special ))aper.s relating to the 
subject should bo consultffd. 

Development of Dry rLATE.s. 

The development of dry ])late.s produced 
either by collodion or gelatin emulsion i,s 
carried out cither by iron-H!ili.s— .such as ferrous 
oxalate or ferrous citro-oxalatc — or by w'hat 
is termed ‘ alkaline dcwuiiopment,’ in' w'hich 
pyrogallol, hydroquinotie, amidol, or some oth(‘r 

and with ammonia, or the carbonai.es of pofas- 
siura or sodium, as accelerators of the reducing 
action. 

Development ivilh ferroiin oxalate. Thi.s 
method is simple for ordinary dry plates, and 
may be employed for negative.s on pap('r, or 
enlargements on gdatino- bromide jiaper, but 
it docs not permit correction of inaccurate 
expo.sure to such an extent a.s the pyro-d(‘- 
vclopor. The ferrous oxalate devc-loper inay be 
prepared by adding 1 volume of a .saturated 
ferrous sulphate solution to 4 volumes f)f a 
saturated .solution of pota.ssium oxalate. Huch 
solutions are obtaitusl by di.s, solving 4 oz. of 
neutral potassium oxalate and (i oz. ferroins 
sulphate -.■rj.-nvib-ly. ise h in 10 oz. of waiter. 
A solution c. ■■■ei:::: bromide, containing 
20 grs. bromide to tlui oz. of waiter, .should also 
be made ; of thi.s, ahoi ' ' ’ ’’lie taken 

for every 2J oz. of ^ . ferrou.s 

oxalate develo])er is .s{)C!ciaIly appliealile in the 
develoijment of tranH])arencieK or iKisitive.s 
made withgidatino-chloride or eollodio-ifhloriodo 
emulsions. It is, howa-ww, generally found 
better for this last-named emul.sion to employ 
a ferrouH-citro-oxalat.(!, or ferrous eitrate dee 
veloper, with w-hich, by varying the amount of 

the. ’ ■■ ' ' tones may be given to 

the , ■ ■ , . pianthies given in the 

following table may b(! regarded as good standard 
quantities to be .selected from : — 
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For Transparencies. 


% 

a 

h 

Potassium oxalate 

r> oz. 

2 oz. 

1 Ammonium chloride . 

— 

40 gr.s. 

1 Citric acid 

— 

— 

. Water 

20 oz. 

20 oz. 

Ferrous sulphate 

5 oz. 

240 grs. 

ASulpburic aoid . 

30 mm. 

— 

] Citric acid 

— 

120 grs. 

I Alum 

— 

120 grs. 

UVatcr 

20 oz. 

16 oz. 


With (a) mix 1 oz. of 1. with 3-4 oz. of II,, 
pouring JI. into I. To obtain black tones with 
\b) use equal proportions of I. and II. The 
solutions when mixed may bo used for several 
jhatos in succession. 

Devclox)niont by femms oxalate or ferrous- 
citro-oxalate is simpler than with alkaline p.'^To- 
gallate, but greater attention must bo paid 
to tile ox})osuro, as tlicrcs is les.s power of worJeing 
up an under-exposed plate. 

Alkaline dcvelopm.c.nt . — In this development 
the pyrogallol gives density, the soluble bro- 
mide is suirposcd to act as a restraincr, and 
the ammonia or alkaline car]»onato as an aceeie- 
ralor. The pyrogallol may be kept in the 
tlry epndition and added to the developer when 
re(iuired, but it is customary to keep all the 
substances as separate stock solutions. Tor 
perfect work it is therefore better to keep the 
three ingredients separate, but the stock solu- 
tions may bo reduced to two in number, and 
oven a single stock solution may be used. In 
this latter case, however, the operator has not so 
much Control over the retardatioir or acceleration 
of the development in cases of incorrect cx- 
]Kjsuro. The amount of pyrogallol generally em- 
ployed varies from beiwec'U I grain to Sgrainspor 
Iluid ouncci of develoi>er, and full details of the 
correct quauf ities are almost universally given 
with th(i ])lates supplied by the dillerent malcers. 

JJcvclapin/j solutions for aelatino-hromidc 
plates, d’he following may be taken as instance.s 
of standard forms of dcvelo'ijers, d'he Holution.s 
should preferably be kept separate, at least tlie 
organic (lev(!loper .shoulfl not lie mixed with the 
alkali till required for use, I. may bo termed 
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thb developer ; TI. the accelerator ; and III. the 
rcistrainer, to be’.i.'-'d Tji d ■■ ivi t-exijo.-ur''. 
The following di \ ^■!f,p■•r•' ‘..i'!i i '.■■■! ■■..d.' il .-iro 
given as types of the two and three solution 
developers. 


— 

a 

6 

I’P.'Smogallol 

1 oz. 

1- oz. 

I. 1 Nitric acid 

— 

5 min. 

j Citric acid 

40 grs. 

— 

(.Water 

oz. 

20 oz. 

/Ammonia solution 



1 (0-880) 

1 oz. 

— 

1 Sodium sulphite 

— 

21- oz. 

II. ( Sodium carbonate 

— 

2 oz. 

1 Potassium bromide . 

120 grs. 

— 

VWater 

7 oz. 

20 oz. 

TIT /Potassium bromide . 

— 

i oz. 

1 Water . 

— 

2 oz. 


(a) In .separate bottles take 1 part of No. I. 
and of No. 11., and to each add 19 parts of water. 
These should bo mixed just before use. To 
develop when the exposure is correct take equal 
parts of tho diluted solutions. 

(b) Mix equal parte of Nos. I. and II., and 
add 10 rain, of No. III. to each ounce of tho 
mixed developer. Tor instantaneous oxi)o.sures 
No. III. may be omitted. 

Tho manipulation required in dry plate 
development is very simple, as the operation is 
carried out in a dish. The ])latc, taken from 
tho dark slide, is laid in the developing dish or 
tray face upwards, and if ferrous oxalate or 
citrate bo used the proper quantity may at once 
bo flowed over tho platcg allowing tho liquid to 
run gently from (uuf cjid of the plate to the other. 
A gentle rocking motion may be given to tho 
dish during dcvclopuKmt, so a.s to change tho 
liqidd over the surface of the plate. The imago 
gradually a]')pcar.s, the high lights gaining den- 
sity first. Complete development may bo recog- 
nised by a faint image a])]K!aring on the back of 
the negative, or looking through tho negative at 
the rcfl window or lamp, when tho plate should 
show a very complete dei'josition of silver on tho 
high lights. Tho knowledge of tho exact extent 
for cornmt development can only bo obtained by 
2 )ractice. 


Table of some of the Common IJcvclo 2 )crs. 


— 

' 

a 

b 

c 

a 


pyrogallol .... 

55 gr.s. 

SO grs. 

■ — 



Metol 

45 gr.s. 

— 

— 

— 


Hydrodinino .... 

— 

8 grs. 

40 grs. 

120 grs. 


Eikonogon .... 

' — ■ 

— 

120 gr.4. 

— 


/Potassium meta-bisulphite , 

120 grs. 

80 grs. 



— 

X* 

1 „ bromide 

20 grs. 

— 

— 

60 grs. 


1 Sodium sulphite 

— 

— 

1 oz. 

1 oz. 


Citric acid .... 

— 

— 

20 grs. 

6 grs. 


Boric acid .... 

. — . 

10 grs. 

— 



Water ..... 

20 oz. 

20 oz. 

20 oz. 

20 oz. 


Sodium carbonate 

4 oz. 

1 oz. 

(30 grs. 




„ hydroxide 

— 

— 

30 grs. 

— 


Potassium bromide 

— 

— 

6 grs. 

— 

ri.^ 

„ carbonate . 

— 

— 

— 

2 oz. 


Rodinal ..... 

— 

— 

— 

1 oz. 


Sodium sulphite 

— 

1 oz. 

— 

— 


Water 

20 oz. 

20 oz. 

20 oz. 

20 oz. 


VoL. IV.— T. 


Q 
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In many cases the organic developer and the I onc_ solution. The following may be tiik(‘ii as 
alkaline accelerator may be mixed together in | typical developer’s of this class : — 

r 


65 gr. 
1-J-dr. fl. 


840 gr. 300 gr. 



— 

a 

b 

c 


fEildnogen . 

120 gr. 

— 

— 

.♦1 u 

Glycin 

— 

160 gr. 

50 gr. 

a 


— 

— 

a 

to- 


— 

— 

— 

oS 

Metol .... 

— 

— 

— 

R 

p.-Aminophenol . 

— 

— 

— 

• 

Sodium carbonate 

240 gr. 

— 

720 gr. 

o 

„ sulphite . 

4S0 gr. 

240 gr. 

360 gr. 

s 

Potassium carbonate 

— 

800 gr. 

— 


., bromide 

— 

— 

— 

c? 

o 

„ metabisulphite 

— 


— 


Water .... 

10 oz. 

10 oz. 

10 oz. 


— 8gr. 
10 oz. 10 oz. 


— 1440 gi 

10 oz. 10 oz. 


As a rule these developers should be diluted I 
rrith an equal quantity of water immediately 
before developing. With developer (e) for 
portraits take equal parts of stock solution and I 
water ; for landscapes 1 part of stock to 2 of ! 
water. 

The glyoin developer (h) is a slow developer, j 
but particularly suitable for ‘ stand develop- ; 
ment.’ " j 

In commencing the development of a plate | 
it is better to begin with a less quantity of the j 
accelerator than the full amount stated, and ' 
gradually add the remainder as development ! 
advances. 

The darkening of the film when the alkaline 
pj’Togallol developer is used must not bo allowed 
to go on so long as with the ferrous oxalate 
developer. In the former case the image is of a 
slightly yellow tinge, and consequently of a more 
non-actinio nature than that formed by the 
oxalate. As has been already stated it is not ^ 
n by .dy ‘b.;i three separate .solutions ^ 

h; better so as to facilitate r, 
the retardation of development on over-exposure, ! 
or its acceleration on under-exposure. If proper I ■ 
exposure has been given the image will appear I ^ 
in about cme minute, and gradually gain in j ^ 
■ ■ the details are visible, and ? 

apparently stops, a few more ■ 
drops ot tlie accelerator p..-. :• < tUp ! b 

developing cup, ,.■. 0 .: ■■ -wv.- V' i'.”:' , and ! '• 
again flowed over the plate. This fresh addition ' 

ot the alkali rapidly produces increase of density, i 

When the development is deemed complete, wa.sh d 
thoroughly in a gentle stream of water from the 
rose-tap and place in the fixing-bath, unle.s 3 it 

alum ti 

'of dry plates for ^ 

ton the developers given in the following table 

different tonas ^ 
to the transparencies : — w 

Pyro and Arntnonia Developer for Warm Tones. 


For use mix 1 part of No. I. with 3 parts of 
No. 11. and dilute to double the quantity with 
water. The mixed developer may be used for 
several plates. 

Dcvdopei's for Black Tones, 


Hydro quinono . 
Amidol 

Sodium carbonate 
„ sulphite 
Potassium carbonate 
„ bromide 
Water 


j 60 

gr.s. 

i 


^ 4 

oz. 

so 

gl'f 

1 2 

oz. 

2 

oz. 

1 2 

oz. 




i 40 

grs. 

; ;i 

oz. 

20 

oz. 

12 

oz, 


j'Pyrogallol . 

] Sodiiim sulphite . 

I. j Citric acid 

(Water . . ] 

I Ammonium bromide 
IX. < Liquor ammonia (O-SSO^ 
( Water up to . 


1 oz. 
4 oz. 
J oz. 
16 oz. 
I oz. 
oi dr. 
16 oz. 


These developorH may be u.w.;d for several 
plates, and wull keep good for ho me time. Jn 
almost all cases it will be found iie.sf, to use Ihe 
developer which is generally duseribed on tlm 
j box of the special plate used, 
j Many operators now prefer a fixed time 
; development during which the plain if properlv 
j exposed need not bo examined. This i.s enrriefl 
■ out m a closed box or tank, of wliieh many 
forms are on the market. Tablen are also given 
by which the time necessary fur diflenmt 
! devc’oper.- jri'.v bo calculated. 

anti rnkteiitm of dni-dale 
negahvea. If proper exposure Jm given b/ tlm 
plate the proees.s of development by the ferroit- 
salt or by py:-.--.]',: ^viU always'ymld suifl- 
cient .i.i,i.i;i,r under- or over- 

exposure, nuwover, will yield an image far ion 
thin to give a vigorous and brilliani, print. 'J’bi., 
deficiency may be remi’died to a mu'tain esbmi 
by the process of uitensifieatinn ; but i 1 , must be 
understood that the results, when .sueii a nroee. H 
has to bo employed, are never so brilliant a-, 
iwid propm’jy-dm-eJoimd 

• *'^<*l^''>ds are in general use for tlm 

intensification of dry j.lates, ou.i of ij,e ms, 
iiHua being that in which the aedim. i,. carried 
out by a mercury salt and ammonia. In drv 

nvMiahly earned out after fixiim'. For tbi-; 
purpo.so it is necessary that thri jiTst traces of 
sodium thio.sulphate should bo removed from 
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the negative by thorough washing. Should it 
be necessary to take stiE further i^recautiona for 
the rehxoval of the last traces of thiosulphate, 
the negative should be soaked in a saturated 
solution of alum containing 3 grains of citric 
acid to the ounce of solution, or in a solution 
of hydrogen peroxide containing 1 drachm of 
‘ hydrogen peroxide solution ’ to 6 oz. of water. 
The plate may be soaked in the.so from 10 to 30 
minutes, and again washed before intensification. 

To inten.sify, first thoroughly soak the plate 
in water to .soften the film, then place in the 
foUowing solution, preferably in a black vulcanite 
dish : — 

T. 

Mercuric clEoride . . 200 grs. 

Ammonium chloride . . 200 grs. 

Water . . . .10 oz. 

The plate rapidly undergoes a process of 
bleaching, and when the film is bleached 
throughout it is removed from the solution and 
thoroughly washed under the tap. The washing 
in this case must be most thorough. After this 
washing the plate is flooded with a solution of 
ammonia ; 

II. 

Ammonia, 0-880 . . .1 part 

Water . . . .10 parts 

in this solution the plate rapidly assumes 
density, becoming changed first to a rich non- 
actinic brown, and finally to black, according to 
the length of time it has been left in tho mercury 
bath. 

Tho plate may also be intensified by one or 
other of the foEowing solutions : — 


— 

a 

6 

c 

• 

(1 

Sodium sulphite 

Ipart 






Perrons oxalate 

ordinary 

developer 

— 

— 

Hydroquinone . 

__ 

— 

ordinary 

developer 

— 

Uranium nitrate 
Potas.sinni ferri- 

_ 

— 

— 

1 part 

cyanide 

Acetic acid 




— 

1 

10 parts 

(glacial) 

Water 

C parts 

— 

— 

o 

o 


(rt), (?;), and (c) are to bo used after tho 
negative has Ijeen bleached by the mercuric 
chloride solution ; (d) is an inteusifier by itself. 

In all cases the plates should be well washed 
between the application of solutions T. and II. 
and after intensification ; they may also ho 
placed in the fixing bath again for a minute 
or two with advantage, and then finally washed. 

lieducing negatives. Should the negative 
after development and fixing appear too dense 
for printing purposes, one of the fijllowing courses 
of treatment wiE cause its reduction : — 

(1) Soak the plate carefuEy in sodium 
thiosulphate solution (2 oz. to 1 pint) to which ' 
has been added potassium ferricy.anide sufficient 
to give it a yellow colour. The reduction in this 
ciase takes place with considerable rapidity, and 
a stream of water or a washing dish should bo 
handy for immersion of the negative to check 
too rapid reduction. 

(2) Immerse the moist negative in one of the 
tollowing solutions : — 


Potassium ferric oxalate 
Sodium sulpliite . 

Oxalic acid 

Sodium thiosulphate . 
Ammonium persulphate 
Potassium permanganate 
(10 p.c. solution) 
Potassium dichromate 
Sulphuric acid (10 p.c. 

solution) . 

Water 


d 

6 

c 

d 

150 grs. 




126 „ 

— 

_ 


45 „ 

— 

— 

— 

If oz. 

— 

— 


— 

15 grs. 

— 

— 

— 

— 

Idr.fl. 

— 

— 

- 

— 

100 grs. 

— 

— 

5 dr.fl. 

7 dr.fl. 

7 oz. 

1 oz. 

10 oz. 

20 oz. 


Fixing the negative. This operation is 
■ ' ■ • . ' h- me for dry plates as has already 

■ •! . ■ i ■■ wet plates, except that sodium 

ijiioisulphate is always employed and not potas- 
sium cyanide. Q'he usual strength of the solu- 
tion is 4 oz. of thiosulphate to 1 pint of water, 
but this may bo varied according to the ex- 
perience of the operator. 

Trans-parencAes. When a positive picture is 
required for enlargement, or for showing on a 
screen to an audience, it is found more con- 
venient to employ an emulsion of gelatin and 
silver clilorido, alone or a mixture of tho silver 
chloride and bromide. The foEowing quantities 
may be taken as giving emulsions suitable for 
this purpose : — 


/Gelatin (Nelson No. 
'Ammonium bromide 


1 ). 


. /Ammonium chloride 
-.Sodium chloride . 
HvdrocMorio acid 
Water 

B Silver nitrate 
C Hard emulsion gelatin 


I. 

II, 

300 grs. 

80 grs, 
210 grs. 

100 grs. 

z 

50 grs. 
6 mm. 

10 oz. 

10 oz. 

240 grs. 

400 grs. 


400 grs. 


In No. 1 allow the gelatin to soften and swell 
in tho water ; then place all three vessels in a 
water-])ath at a temperature of 120°F. (49°C.). 
When tho gelatin is melted add tho silver solu- 
tion to it, and then stir in tho ammonium 
chloride solution. Allow tho emulsion to ripen 
at that temperature for an hour, and pour out 
into a dish for setting. Tho details of washing, 
coating, and drying the plate.s, arc the same as 
for the bromide emulsions already described. 

As the film loft by gclatino-cliloride plates 
after development and fixing is extremely clear 
in the high lights, it is necessary for those plates 
to employ glass perfectly free from flaws or air 
bubbles. 

Golatinn-chlorido plates are less sensitive to 
light than the bromide plates, so that for contact 
transparencies from well-defined negatives, th,e 
exposure, s are proportionat'‘’'y . 

Those plates may be ■! : '■■■ .-rous 

oxalate, or by tho mixture i ■ . ■ ■ and 

citrate previously mentioned, or by the hydro- 
quinono developer. 

Gelatino-brnmide plates also yield good trans- 
paroncie.s, but if they are u.sed for tins purpose 
a fairly .strong pyro-developor should bo taken 
and the doveloprnont carried out quickly. 

commonly made by 

■ ■■ •;■■■ ■ ■ ■ ■ ■> {v. Curhon processes). 
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Formuloe useful in the development of 
transparencies are described under the develop- 
men' f ' . 

. ■ or celluloid films. In the 

earl' . ! -^ tive — that introduced by 

Fox Talbot — the material employed as the 
substratum for the sensitive film was paper 
instead of glass. Although the employment of 
glass as a support to the sensitive film became 
generally adopted when the collodion process was 
perfected by Archer in 1852, paper and particu- 
larly celluloid material have again come into use. 
This rointroduction of paper as a basis for the 
sensitive film is due in a great measure to 
Messrs. Woodbury and Warnerke, who have 
acted as pioneers in this, and in the design of 
apparatus necessary for the manixjulation of 
such coated surfaces. 

The details of coating such films with the 
emulsion are nearly allied to those of coating 
the glass ifiate. The actual difference between 
the two methods consists in the special manner 
in which the sensitive films are arranged in the 
camera for exposure. This may be done in two 
ways. The film, if sufficiently rigid, may be 
cut into definite sizes the same as the glass 
plates, and then fixed by specially-constructed 
slips of thin wood or metal in the ordinary dark 
slides exactly in the position that would be taken, 
by the glass plate. Another method is to sus- 
pend the sensitive paper in a continuous roll in 
what is termed a roller slide, which takes the 
place of the dark slide containing the sensitive 
plate. In this arrangement the continuous slip 
may be rolled off from one spool to another 
across the camera, a mechanical check or signal 
being given as soon as the length of paper 
corresponding to the width of the camera has 
passed over, thus placing a fresh surface in 
position before tho lens. The process may be 
repeated until twelve or more portions of the 
continuous film have been exposed. The film 
may then be removed from the dark slide for 
development, and another roll placed on the 
rollers in the slide. 

The development of such films may be 
carried out with the same solutions as those 
employed for glass-plate development. Sliould 
tho film bo thick enough they may be treated as 
glass plates, but under ordinary circumstances 
the films now used are too thin for such treatment 
and are best developed as a whole film. For 
this purpose tho film may be attached to a 
roller or wheel which can bo rotated in the 
developer ; or the film may be held at each end 
by the hand and passed through tho developer 
backwards and forwards with the sensitive side 
downwards, being kept down in the developer 
l3y a porcelain bridge standing in the developing 
dish. It will be found advantageous to soak 
the paper in water before development until all 
tendency to curl up has disappeared. Retarda- 
tion or accederation of the development may ))e 
done in tho same manner as for glass plates. 

Various appliances, such as developing tanks, 
have been introduced of late years for the 
development both of plates and roller films, 
wliich have removed many of tho difficultic.s 
originally experienced Ijy beginners in the 
manipulation of films. 

The use of bromide emulsion paper for print- 
ing purposes is dealt with under 8ilt>er 'printing, 


Silver Priktino. 


Printing on paper with silver salts may be 
arranged under the follorving three seefioSs': — 

(1) Printing on sensitised albumen paper; 

(2) Printing in sunlight with gelatino cliloridc 
emulsion paper (printing out paper) ; 

(3_) Printing in artificial light with gelatin 
bromide emulsion, and afterwards developing. 

Tho paper coated with albumen or gelatin 
is first treated with a solution of some soluble 
chloride, such as ammonium chloride, so that 
when brought in contact with a solution of 
silver nitrate its surface may be sensitised with 
the mixture of silver chloride and free silver 
nitrate. In the action of the light through the 
negative upon tho sensitive paper a gradual 
darkening takes place during the (lec!ompo.sition 
of the chloride and albuminate of silver, and a 
copy or positive of tho negative is produced, the 
lights and shades of tho (jriginal object being 
truly represented. In ordinary silver printing 
the action of the light is allowed to proceed to 
such a length as to produce an imago slightly 
darker than the print required, as the operations 
of toning and fixing have a tendency to weaken 
the colour of the print. At tho present time 
albumonisod paper has largely been replaced 
by papers coated with golatin-ehloride emul- 
sions sold by makers as printing out paper.s 
(P.O.P.). As albumonised paper, however, is 
still employed in certain eases, and as tho 
method of further treatment with it and with 
P.O.P, papers is very similar, a short description 
is given of :f' nr-p.',’M'i- -r.. 

As the ;• . b;.. from tho immediate 

action of a fixing agent on the silver comjjounds 
is a disagreeable red, tho print undergoes tho 
process of toning, which is olfocted by immersing 
it in a solution of gold, containing some sub- 
stance capa’-’- - the chlorine derived 

from the ■ ’ ' ■ of tiro silver sub- 

chloride produced by tho action of tho light. 
After sufficient tone of a brown or purple kind 
has lieen impartecl to tho print, the nnaoted-on 
silver compound is removed by sodium thio- 
sulphate in tho same way as with the wet 
plate. 

To_ prepare albnmeniscd paper, coat with tho 


following : — 

Albumen (white of egg) . 10 oz. 

Ammonium chloride ’ . . 100 grs. 

Spirits of wine . . . | oz. 

Water .... 3 oz. 


Dissolve the chlorid(5 in the water and .spirits 
of wine, then add tho white of o.gg solution, with 
constant shaking for about half an liour, or, 
better .still, break up tho coUular nuimbrano by 
mechanical stirring. Filter through a s])ongfi 
or glass wool into a flat dish. 

For plain salted paper the following quanti- 
ties may be taken : — 


Ammonium chlcjride 
Sodium chloride 
Sodium citrate 
Gelatin 

Distilled water 


a h 
30 grs. 50 grs. 
15 grs. 

50 grs. 

5 grs. 5 grs. 
5 oz. 5 oz. 


Dissolve tho gelatin in tho water, then add 
the other substances, and filter. 

fi’o coat the paper tho sheet must he held 
oiwofully by two corners, gently bent bacli, and 
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the middle of the convex side of the sheet lowered 
on to* the solution in the dish. After 2 to 
3 minutes raise, and again lower, to avoid air 
bubbles. Ploat on the solution for 2 to 5 
minutes, then hang ux^ to dry. 

To sensitise the faper. A silver solution, 
stronger than that used for sensitising the plate 
must generally be employed. The following 
give varying strengths for different circum- 
stances : — 

a h c 

Silver nitrate . 50 grs. SO grs. 30 grs. 

Water (distilled) 1 oz. 1 oz. 1 oz. 

a may be used for ordinary cases, b where the 
negative is weak, and c where the lights and 
shades on the negative show great contrast. The 
strength of the bath becomes gradually lowered, 
and must be restored from time to time. Only 
strong negatives shoirld be printed in direct 
sunlight ; all other cases should be exposed only 
to diffused daylight or covered %vith tissue paper 
or ground glass d .'is ■ • 

Toning. To ■ - ! ■ . colour of the 

printed image, it is immersed in_ a neutral 
solution of gold containing certain metallic 
salts. The following arc some selected toning 
baths : — 


Gold chloride . Igr. Igr, Igr. Igr. Igr. 

Sodium acetate . 30 grs. — — • — — ■ 

„ phosphate — ■ 20 grs. — — — 

„ bicarbon.ate — — 30 grs. — — 

„ biborate — — — 20 grs. — 

(borax) 

„ tungstate ■ — — — — 

Water . . 10 ozs. 10 ozs.lO ozs. 10 ozs. 10 ozs. 


a is a good bath for ordinary use, giving 
piiiplc-hi'ou'ti tones, but should be made up 
12 hours before use; b, c, and d can be used 
shortly after mailing, and give puride tones, but 
do not keep weU ; e gives line purple-brown tone.s, 
•and keeps fairly well in the dark. These solu- 
tions may also be made up in strong solutions 
by dissolving the tube of 15 grs. of gold in 15 oz. 
of water, and adding the proper quantity of 
alkaline salt. To make the bath for immediate 
use mix 1 part of the stock solution with 10 oz. 
of water. 

The chemical reactions taking^ place in the 
process of toning do not appe. ' ' '■ 

their nature, the tone being x ! ■ . 

film of gold, reduced from a neutral solution of 
gold chloride (AuChj), or of the double salt 
(NaAuCl^, 2 H 2 O), upon the film containing the 
reduced products from the silver cldoride and 
albuminate. To obtain the best results the gold 
solution must be neutral or very slightly 
alkaline. , , . 

Fixing the print. This is done by immersing 
the print, after toning, in a solution of sodium 
thiosulphate, 4 oz. in 20 oz. of water. This 
strength is suitable for prints from strong nega- 
tives, Wt where the print is weak the fixing bath 
may be reduced to 3 or 2 oz. of thiosulphate to 
the pint of water. Before fixing, the prints 
should be immersed in water containing a small 
quantity of sodium carbonate for _ 10 minutes, 
and then placed face downwards in the fixing 
bath. Their brilliancy will at first diminish, but 


will to a certain extent he restored when they 
are finally fixed and dried. The piint.s should 
remain in the li.xing bath from 10 to 15 miuntes, 
being gently moved about to prevent them stick- 
ing together. The prints must be washed after 
fixing for at least 24 hours in different changes 
of water, or for 6 m running water. 

In silve’’ flio toning bath should be 

neutral or . ■ . and not below (i0°r. 

The prints must bo printed rather darker than 
finally required, and toned to a chestnut brown, 
or purple. 

Printing with gelaiino-chloride cnnilsions. 
Slore rapid printing may be effected by the use of 
a chloride emulsion on paper, as the copy may 
either he printed to the full extent in a bright 
light, or the image if imperfectly printed may 
he fully developed as in the case of a plate or 
film transparency. The following gelatine - 
chloride emulsions will be found useful for such 
papers. 


Gelatin . 

Ammoniimi diloride 
Alum 

Rochelle salt . 
Water . 

Silver nitrate . 

Citric acid 
Alcohol . 

Water . 


340 grs. 

jlTelson’sNo.l 
( Coignet’s . 

11 „ 


15 


15 „ 


01 oz. 


115 „ 


02 „ 


1 oz. 



Sapid printing tvith gelaiino-broimde piap^r. 
Paper coated with gelatino-bromide emnlsioii 
is also largely used for bv '"•tilicial 

light and for purposes : ■■ 

materials and details for coating are much the 
same as described for the manufacture of 
plates or films on celluloid. _ ■ 

The exposures may be made by artificial lignt. 
After exposure the iirints may under general 
conditions be developed, if ^ necessary, in- 
tensified, or reduced, and finallv fixed by 
the solutions already mentioned for bromide 
iilates or films. If desired they ma}’ be toned 
by the gold or platinum solutions already given 
under Toning formulte, and other colours may 
be o-iven to them by the use of certain salts. 
Tims dark brown to red tones may he obtained 
by uiiing coiiper salts ; green tones by mixed 
vanadium and iron salts ; and blue tones by 
iron salts. For the development and subse- 
quent treatment it is best to use the special 
formulsa generally issued by the makn’.« ivith 
the different varieties of papers. Should a 
combined toning and fixing bath he not used, 
the prints, after toning, must be fixed in the 

usual wav. . i 

The tone of these prmts is distinctly neutral 

and’ somewhat like platinum prints. The print 
may he obtained dull by aUovnng it to dry on 
blotting paper after final washing, inth the sen- 
sitised side upwards, or it may be obtamed with 
a glossy appearance by being ‘squeegeed, face 
downwards, on a glass or ferrotype plate and 
allowed to dry in that position. When dry, it 

may be stripped from off the plate. 

The printing, like that with albumonised 
paper, should be carried slightly further than 
the shade finally required, as the tirints diminish 
in intensity during toning and fixing with certain 
1 baths. 
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Some, Tonmg Baths for Gelntino-cMoricU and 
Bromide Papers. 


— 

a 

h 

i ^ 

d 

e 

Gold cWoride.h 
Pot.assium chlo- 

21 grs. 

2-1 grs. 

5 grs. 

— 

3-1 gra. 

roplatinate . 

— 

— 



4 grs. 

— 

Citric acid 

— 


— 

45 grs. 

70 grs. 

Borax . . 

90 grs. 

— 

— 

— 

— 

Sodium acetate 
Ammonium 

90 grs. 

— 

360 grs. 

— 


thiocyanate 

— 

90 grs. 

35 grs. 

— 

240 grs 

Alum . . . 



i 

— 

— 

70 grs. 

Lead nitrate . 

— 

— 



— 

90 grs. 

Lead acetate . 
Sodium thio- 

— 

— 

— 

— 

90 grs. 

sulphate. . 

— 

— 

— 

— 

5 oz. 

Water . . 

20 oz. 

20 oz. 

20 oz. 

20 oz. 

20 oz. 


(c) should be made up some time before 
using, and, if sodium tungstate instead of acetate 
be used, gives rich chestnut tones, (e) is a com- 
bined toning and fixing bath. 

The toning must be carried further than in 
ordinary printing, and the prints may be fixed 
with thiosulphate directly after toning, without 
any intermediate soaMng in water. In all silver 
printing processes care should be taken to 
thoroughly remove the last traces of the fixing 
agent, and the prints should invariably he 
thoroughly washed before drymg and final 
mounting. 

Pehtoiiitg in Platinum. 


Platmotj/pe. This method of printing was 
introduced by Mr. Willis. It may be divided into 
three distinct processes. In the first the paper is 
sensitised with a mixture of ferric oxalate and the 
platinum salt, and, after exposure, is developed 
with a hot solution of potassium oxalate. In the 
second there is no platinum salt on the paper, 
but it is coated with ferric oxalate containing 
a small quantity of mercuric chloride, and, 
after exposure, is developed by a cold solution 
of potassium oxalate with the platinum salt. 
The third p-roeess differs from the first two 
in containing both the sensitive material and the 
developer on the paper during -the operation of 
printing. It is, therefore, like silver printing, a 

" ' ■ ' ■ ’ re the image is carried 

to ■ ■ , during its exposure to 

the light, the print requiring no further develop- 
ment after exposure, but merely fixing. 

In these processes the action of the light 
effects the reduction of the ferric to ferrous 
oxalate Ifei,( 020 j 3 =I’e,(Ca 04 ) 2 + 2 C 0 ,, leaving 
the potassium chloroplatinate unreduced in 
the film. On developing the partially-formed 
image, however, by warm potassium oxalate the 
ferrous oxalate becomes dissolved out of the 
fUm, and at the moment of its solution reduces 
the platinum salt, thus increasing the image bv 
a deposit of metallic platinum 


SKaPtCl^+GFeCaO^ 

— 3Pt-j-2Fe3(C204)3-t-Fe2Cl8-|-6KCl. 

Fnsitiwj with hot developer. In this case 
the paper is coated with a mixture of ferric oxa- 
late and potassium platinous chloride. As there 
IS an intimate mixture of the reduced iron salt 
■With the platinu^ salt on the surface of the 
prmt, when this is floated on a warm solution 
of potassium oxalate the ferrous salt at once 
undergoes solution but in passing into solution 
It reduces the platinum salt, and a deposit of 


metallic platinum is formed, varying wiwi ilic 
amount of ferric oxalate refliicerl, whicli (Cflei's 
according to the ainoiiiit of aclion ol (he light 
on the different pjarLs of ihe plate. (Jii the high 
lights the ferric oxalate rcinnins uiieliajiged, and 
therefore no reduction of plaliiiuin will laki* 
place on these during develoiunent. 

The paper may be prepared by brushing it 
over with a saturated solution of iiuTic oxalule, 
containing GO grs. of the pilaiinuni salt to tln^ 

, ounce of solution. It is necessary thal. file pa |jer, 
after it is coated, should be kept aljsolutidy dry : 
this is best effected by storing it in (in hoxc.-: 
with lumps of calcium chloriile in a peiioralcd 
chamber at one end of the fin. Tlu! aniount (d 
exposure requires perluips greater exjterieiua^ 
than in silver printing, as allowance has (.(» be 
made for the circumstance that the iniagi! on 
the paper before development is not .sufii<;ien1 ly 
marked to guide the operator in detiu'mining (he 
length of exposure- without conKidera,hli! ex- 
perience. Proper exposure may lie .said tn hava- 
been given when the shadow's of the picture are 
distinctly seen of a drab colour. 

For the further development of (he iiiiagi^ 
the print i.s floated face downward.s, or dniwii 
over a hot saturated .solution of jiotaswiuni 
oxalate in the manner previou.sly de,4crih'*d for 
albumonising paper. A solution of the propel’ 
strength may be made by di.w.solving 2:1 *•»'/.. 
of neutral potassium oxalate in 10 oz. of di.sl illed 
water, which should ho u.sed in a di.sli of 
enamelled iron and lco])t at a t(un}jendui'e of 
170°-180°F. When development i.s deemed com- 
plete, and the full detail of the ])icture i.s oil!, 
the print is transferred to a solution of hyilro- 
ohlorio acid, of a strength of 1 ok. hydrochloric 
acid to 60 oz, of water, in whicii itshonid reiimin 
10 minutes. The print must then he thoroughly 
washed in at least throe changes of water. 
Should the prints bi' deemed ove.r-cxpo.'-ed, (lie 
temperature of the developer may be lowcnal. 

The prevailing tone of platinum jirinbi is 
grey, but different tone.s such as. brown, red 
and even blue may be obtained by insing toning 
baths containing mcrcnric chloride, uranium 
nitrate or pota.ssium. ferricyanidc respect.ively. 

T'—-''- - 'th cold poUmimn wtilah. 

In ■ . ■ of the ju’oces.s t-he ]ia{)er i;-: ‘ 

first coated with a .saturalcrl solution of ferric 
oxalate containing about 1--1 J grs. of mercurie 
chloride to the ounce of oxalate sohdioii. 
After proper cxpo.surc, as lieforc dc.stu’iiicd, (he 
print is floated on a .solution of potassiiiin 
' ' ’ ■' tassiurn plalinons chloride. 

'■ ■ , may he ncrmitled in (he 

composition of thl.s devclojier,'' liut a. .solid ion 
containing 50 grains potassium oxalate to the 
ounce of water, with about 0-10 grains of (he 
platinum salt, may he taken as a .stamlanl 
quantity to begin with. Warm tone.s are pro- 
duced by lessening the quantity of pola,'-; inni 
oxalate ; cold or grey tones by increasing if. 

The development by thi.s mefhod proeecfts 
slowly, and may he .sl.ojijied at any momenf, 
great latitude being at the .same time permiiied. 
When the print is thonmglily .soaked wifh (In- 
rleycloper.it may be placed on a .' hera .q- . , 
id 'n ! i.': ci.i..-;, and the deveau,:;i'-’;; v.-,.: j,. i). 

Direct platinum printimj without dm'hp,. 
ment. In thi.s procc.ss the paper i.s .sensilii'efl 
with a mixture of the platinum salt with .';odit»- 
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ferric oxalate and sodium oxalate ; small 
quant^/ies of potassium chlorate and mercuric 
chldriclo being also introduced under certain 
circumstances. This method differs from the 
other two in that the paper contains the sen- 
.siti\''c salt and developer upon it v; . -;.;i . 

the printing of the image being < ■: , / I - i! 

extent. Under the influence of light and the 
moisture' in the air, reduction of the platinum 
salt takes place in -‘ ■w u’-i;.! ..■.'■lii ■ ic. The 

printing must be c. i;-m- i ui :;i -.I..- picture 
has the appearance finally required. In moisi 
weathortheprintingwillgoon' " ■ 

in very dry weather the in' ■ ■ ■■ ■ ! . 

apirarently stops after a certain intensity has 
been ' reached ; it will continue, however, to 
print, if the l)ack of the paper bo breathed upon 
or very gently steamed. 

Fixinq ihe 'prints. This is best done by 
placing the prints in 1 vol. hydrochloric acid 
and 60-80 vols. water till the high lights ajipear 
perfectly white. They should then l)e Avashed 
in several changes of Avater. The tone given 
by platinum prints is especially applicable 
for copying buildings and machinery, but also 
yields most ))oantiful effects in portraiture when 
the proper lighting of the original negative has 
been attended to. 

Printin-q avith Iron Salts. 

Several processes have been brought forAvard 
in Avhich the salts of iron may be employed 
.instead of those of silver and platinum, thus 
rendering the cost of copying largo plans or 
clraAvings much loss expensive. 

Th(i reduction of the ferric salts by light Avas 
first utilised by Sir John Herschcl, Avho em- 
ployed ferric ammonium citrate as his sensi- 
tive material, ^ ‘mage with a solu- 
tion of potassi .1 ■ ■ . ■ and the different 

methods noAv employed are more or less modili- 
catiouH of his original process. 

By mixing the ferric salt and potassium 
fi'rricyanjde together before coating the paper, 
the print may after exposure bo developed Ijy 
merely. AA’^ashing in AAmtor until the Avashings are 
colourless. For such a paper the folloAving 


tiiixture Avill bo found useful : — 

, ) Potassium ferricyanidc . 200 grs. 

' I Distilled Avatcr . - . 5 oz. 

T.r J Ferric ammonium citrate . ' 600 grs. 

'1 Distilled Avater • . . 5 oz. 


Dissolve the salts separately, then mix, keep the 
solution in the dark, and filter before use. The 
paper, after coating and drying,' must be kept 
for .a fcAV days before use. When thoroughly 
exposed the print" should shoAv a bronze colour 
in the shadoAvs and is developed by soaking in 
•one or Iavo changes of Avater. The colour of the 
prints may be improved' by- soaking after 
development in a solution of 2^ p.c. alum and 
3 p.c.. oxalic acid. 

A method for obtaining positive prints from 
positives may be carried out by' sensitising the 
paper with the folloAving solution : — 

,/ Gum arable . 4 oz. Mix 8 vols. of 11. 

1 Water . . . 20 „ 1 then 5 vols. of 

I Ferric ammonium ! Ill, to 20 vols. 

II. 'I citrate . . 10 „ ; of I. in small 

. (Water . . . 20 „ I portions Avith 

/Ferric chloride . 10 „ I constant stir- 
I Water . . . 20 / ring. 


The p . ' ■ ■ . . ited, dried, and ex- 
posed in . ■ ■ . may be developed 

l)y floath ; h. '■ of ,1 oz. potassium 

f'irrocyanide in 10 oz. of Avater. After develoi)- 
menfc immerse in a 1 p.c. cleansing solution of 
■■■. ■!;-i.,'l.l .t^■ .‘iCAl (..!■ 1 : 2,') lilphuric acid (sp.gr. 

s 'l :.!i '!■ i;!.:! Thesemethods 

III'.' o.-c.ul '■■!; copying large line 

(IraAvings or diagrams, but may also be used for 
ordinar.v landscape and portrait prints. 

In the Kallity'pe process the paper may be 
sensitised by a mixture containing 76 grs. of 
ferric oxalate Avith 30 grs. silver nitrate to 
1 oz. of water. The ferric oxalate is dissolved 
in the hot Avater Avith a grain or two of oxalic 
acid to a.ssist solution. After filtering the silver 
is added and the solution kept in the dark. 

The folloAving may be taken as developers 
for thi.s paper : — 


— 

a 

b 

Borax 

2 oz. 

■I oz. 

Boehelle salt 

U. oz. 

2 oz. 

Potassium diciiroinate 

16-18 dr.s. 

15-18 drs. 

(1 p.c. solution) 
'Water 

20 oz. 

20 dz. 


(a) yields black, (b) purple, and (c) sepia 
tones. The prints are fixed in a solution of 
sodium thiosulphate in 20 oz. of Avater to 
which 120 min. of ammonia (0'880) has been 
added. 

Numerous papers for printing from negatives 
by silver, platinum, or other mctallio salts can 
now bo used. The formulse and details necessary 
for working the individual processes are best 
obtained from the directions issued by the various 
makers. 

■ Diazotypb. 

Under this heading may be classed tAvo pro- 
cesses for printing in Colours Avhich may be 
shortly described in an article on photography. 
The one devised in Germany is termed Fear-type 
(from the inventor) ; the other is the Primuline 
process, introduced in England by Messrs, Green, 
Cro.ss, & Bo van. 

In the Feer-type the material is sensitised 
with a mixture of a diazo compound Avith a 
phenol or amine in molecular proportions, dried 
in the dark and expo.sed behind a negative. The 
azo colouring matter is produced in quantities 
proportional to the amount of light passing 
through the negative. After printing, the 
material is dipjicd in very dilute hydrochloric 
acid, and finally washed Avith Avater. The 
folloAving table gives instances of some of the 
mixturc.s employed : — 


— 

I. 

11 . 

III. 


Parts 

■ Parts 

Parts 

Sodium toluonediazo- \ 

25 



sulphonato j 



Sodium ditolyl-tetrazo- | 


25 

25 

sulphonato / 

25 

j8-naphthol . 

— 

— 

m-Phenylenediamino 

— 

20 

— 

Puesorcinol 

— 

— 

12 

Sodium hydroxide . 

8 

— 

16 

Water .... 

1000 

1000 

1000 
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Primuline process , — If primuline bo treated 
with nitrous acid (dil.), it yields diazo-primuline, 
w'hich forms various colours by combination 
with different phenols and amines. If, there- 
fore, a surface be dyed with primuline, converted 
into diazo-primuline, and exposed to light under 
a negative or j)attern, and be then treated with a 
phenol or amine, an image is obtained, the colour 
of which is determined by the nature of the 
developer used. 

The material may be dyed in a hot solution 
of primuline, washed and converted into the 
diazo compound by a solution of 0-25 p.e. of 
acidified sodium nitrite. It is again washed, 
and allowed to dry in the dark. The exposure 
is regulated by exposing slips of the material 
durmg printing, and is imown to be complete 
when the strip shows no colour on being touched 
with a drop of the developer to be used. 

The development is carried out by an alkaline 
solution of a phenol or an acid solution of an 
amine (0'25 p.c,). The colours afforded by the 
various developers are given below : 

Alkaline solution of ;6-naphthol . Rod. 

), „ ;3-naphthol - di-l ,, 

sulphonic acid) 

„ „ phenol . . Yellow. 

„ 3 , resorcinol . . Orange. 

„ (slightly) pyrogallol . . Brown. 

«-Naphthylamine hydrochloride . Purple. 
Slightly acid solution of eikonogen . Blue- 


Alkaline solution of ;6-naphthol . Rod. 

), „ ;3-naphthol - di-) ,, 

sulphonic acid) 

„ „ phenol . . Yellow. 

„ 3 , resorcinol . . Orange. 

„ (slightly) pyrogallol . . Brown. 

«-Naphthylamine hydrochloride . Purple. 
Slightly acid solution of eikonogen . Blue- 

black. 

Repeodttction op Natueal Coloues. 

The problem of reproducing colours as they 
may be seen on the focussing screen of a photo- 
graphic camera has long attracted the attention 
of those engaged in experimental work connected 
with photography. It is, however, only in 
recent years that processes founded to a con- 
siderable extent on the work of early experi- 
menters have 3 delded satisfactory results. 

This branch of photographic practice has 
developed so greatly Avithin the last few years 
that any account of it in a work of this land 
must of necessity be brief and somewhat general 
in its nature, and sjpecial works must be con- 
sulted for specific details connected with the 
various processes. 

The methods employed for the production of 
coloured effects on sensitive films may be 
divided into two large classes, (a) Those where 
the result is produced by the direct action of 
hght on the sensitive material ; and (li) those 
. produced by the intervention of coloured screens, 
either separate or combined with the sensitive 
film. 

In (a) the colours are reproduced (1) by 
direct action on the sensitive material, 
(2) by interference of the waves of light 
reflected back through the film from a mirror, 
and (3) by the bleaching out of certain dyes 
which arc responsive to the action of the 
various coloured rays. In (5) the effects are 
produced either by coloured screens of various 
patterns superimposed on the sensitive material 
or by grains coloured in blue, green, and red, 
-rr I ;i . sensitive film itself. 

That a sensitive silver 
iilm by itsGli could respond to coloured rays of 
hght was observed at an early date, and about 


1810 the G ■ ■ - 1 ; ’ ■ ■ Seebeek, showed that 

different . ■ ■ . . . ilour elfeot inij'^it be 

obtained when the solar sped, rum was tiiruwn 
on a film composed of moist silver chloride. 
Sueh changes of colour on silver salts were also 
noticed by John Hensohel, Hunt, h’ox 'I'albot, 
and others ; but at that time little jirogress 
was made until the experiments of Beeipierul 
and Niepce between 1850 and 1855. in all of 
them, however, the long expo, sure- necessary to 

obtain an effect, the very moderr' ' !■■■ r. 

of the colour effect, and the ■ .i 
permanently fixing the iiieturo, rendered ali 
such attempts impossible fur producing results 
with the camera. 

Lippmemn's 'method hi/ interference waves. 
This process, in which no coloured inaterialH or 
screens are employed, deiienda upon the pro- 
duction of the colour ])irenomenon by . the 
interference of light ray,s reflected from thin 
films. The plate coated with a transjiareia 
emulsion and impregnated Avith colour sensiii.^ing 
mecha is placed in a special dark slide Avith the 
glass of the coated plate facing towards tlie 
lens, and the sensitive film in close 3uxtaposiliou 
to a thin bath of metallic mercury, Avliich acts 
as a reflecting surface. 

The light rays passing through the film are 
reflected back from the surface of the nienmry, 
thus producing a number of statioiuiry periocls 
01 nodes due to the neutralisation of the ojiposing 
incident and reflected rays. 

Th(3 circumstances which produce this 
effect in the plate may bo shown by a diagnun 
(Fig. 8), illustrating the movement of rays of 
different velocities through a thickness of fhe 
sensitive material. 






b 6 


B 


..a' 'hB- 

b b b b b 


In tlfis diagram the rays of tlm red, green, 
and blue colours, indicated respectivelv l.v 
the letters u, e, and e, pa.SHing through the 
him and falling on the mercury c, are iiidi- 
Gated by the continuous lines, Aviiilo the dolled 
lines represent the reflected rav.s. At the 
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points a, a, a, the rays intersect each other, 
giving no movement iit these points, and, 
consequently, no. light cilect, whereas at the 
points b, b, b, or intornodal points as they 
are called, where no interieroueo exists, the 
action of light will cause a dejrosition of silver. 
This deposition taldng place at a separation of 
half a wave length of the incident, light will 
only rellect light of the colour, the wave length 
of which is double the distance of these intornodal 
points. • 

Originally Lippmann employed an albumen 
proce.ss for his sensitive plates, colour-sensitised 
with orythrosin, quinoline red, cyanine, and 
malachite green ; but more recently formulse for 
gelatin emulsion plates have been put forward 
by Valenta, Lumiere, and by Lippmann himself. 
The following numbers give two forms of the 
emulsions that have been proposed : — 



Gelatin 

I. 

. 10 grs. 

11. 

5 grs. 

A. , 

kSxlver nitrate 

. 0 grs. 

3 grs. 


Water 

. 300 c.o. 

22.5 c.c. 


Gelatin 

. 20 grs. 

0 grs. 

B. 

Potassium bromide 

. 6 gr.s. 

2d grs. 


Water 

. 300 c.c. 

226 c.e. 


Por colour sensitising cyanine and erythro* 
sin solutions (1 : 5(J0) have been used. Por 
the sensitiser 2 parts of the cyanine solution is 
mixed with 1 part of the erythrosin solution, 
iind i to 2 parts of tliis mixture added to 
100 parts of the emulsion. Increased sensitive- 
ness may be gr ■ ' . i’ ' ■ 

shortly before ■ r 
silver nitrate . ■ ■ . , ■ . ■ i . ■ i- ■ ■ . . 
to wMch 5 c.o. of acetic acid have been added. 

Iras' proccM. This proce.ss, devised by Ives 
in America and by Ducos du Hauron in Prance, 
depends on the principle put forward by Clerk 
Maxwell, that the object to be reproduced, if 
photograiihed thi '' ■!.!■'■ c jloured 

screens, will give ,■■■■,■ ■ ■ , ■ rejire- 

sonting in light and shade tbe gradation to 
which the different light effects coming from the 
oliject Avffl excite a .single primary colour sensa- 
tion in the eye. Three negatives of the object 
are obtained, one taken behind an orange 
screen, a second behind a green, and a third 
behind a blue screen. Three positives are then 
taken from these negatives, and are illuminated 
one by red, the second by green, and the third 
by blue violet light. These being superimposed 
on a screen, the combined image of the original 
object will lie seen reproduced in its natural 
colours. 

Por the simultaneous production of the 
negatives and for the projection on the screen, 
special cameras have been devi.sod, and for 
viewing the transparencies Ive.s introduced the 
aiqjaratus known under the name of the 
' Kromoscope.’ 

The same effect may be obtained on one 
glass plate in the following way. Three separate 
negatives are taken, paying duo attention to the 
oxpo.sur<.*s necessary for the different coloured 
filters. Those are developed in the usual way, 
fixed and washed. To obtain positives from 
these negatives, an ordinary transparency is 
first taken from the negative obtained through 
the red screen, washed and dried. It is then 
Ijlcacliocl by immersion for about a minute in a 
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solution of potassium ferricyamide, washed 
with water, aird placed for it niintate and a half 
in the red staining solution. Thci stained iiiiu 
is then trau.sf erred ti> a solution of sodium 
tluoMulphate, whioli at lirsL ciim,se3 a brown 
prc'cipitate. Xliis is at uuoc tlii-’owa oil and 
fresh thio.suiphate flowed over the plate, \vhen 
the imago will gradually assutuiea. greenish-lblue 
colour. The plate is now washed, dried, 
varnished with a celluloid enamel, and again 
dried. 

The pink and yellow inxages may then, he 
printed at the same time on oaae strip of a 
sen.sitised diehromated gelatixi lilnn, the celluloid 
side of the iilni, not the diehromated side,^ being 
in contact with the Ulna side of tire negative, so 
that the print is made through the celluloid 
support. The him is then devcsloped in the 
usual manner by hot water o.t a temperature of 
95°-i00°F., fixed by sodiunr thia sulphate, and 
thoroughly washed mtla cold water. The two 
prints are now out separate and ©tained by the 
prink and the yellow dyes. The staining should 
be carried out in white porcelain dishes, and 
.should be done slowly. 

When the stained transfer’s hav/e been rinsed 
and dried they are ready to be sujerimpoaed in 
correct position over the blue traiasparency first 
described. The pinlc film is lirst accurately 
ixdjustccl film to lilin over the blue, and then the 
yellow, stained side downwards, over the pink. 
The films may bo fixed in accurate register with 
binding slip.s, but a. better result is obtained if 
the seprarate films a.ro secureci in ojklcal curitaot 
by Canada bal.sam. _ Wh.cn tlarowiii on the screen 
the original picture is roprod y cod. 

Dyes for tri-colour stainimj, The following 
are some of the substances which may bo ufsecl. 
Tor blue : thio blue A or solriblo IPtussian blue, 
slightly acidified with _Bulpluuic acid. Tor 
jjiuk : a mixture of eosin and rlrotlamin pink, 
itor yellow : best brilliant yellow or aniline 
yellow. Tor Ives’ plate.s. Tor blue ; methylene 
blue, 16 grs. ; cold water, 4= oz. For pink : 
magenta red, 16 grs. ; bot water, 4 oz. ; 
acetic acid, 10 mins. Tor yellow, axnmoniuin 
pherato, a saturated solution. In each case the 
transfer, after staining, bIiouIcI bo x'insod in water 
slightly acidified with acetic acid. 

Thcj nature of these dyes is very varied, 
and special works must fc>e consulted vvith 
regard to quantitie.s and lucthLods of preparation. 

' flight Jiliars for colour work T'hep may be 
made with either a collodion or a gelatin nicdimn 
coated on glass or used, iu edls- For yellow 
light filters : totrazine, rapid filter yellow K ; 
aurantia, and naphthol yellow I3atiy_ bo u&ed. 
Tor orange filter a mixture of aufantia or ro.se 
Bengal with tetrazine is employed. 

Fillers for ihree-colow worh For these a 
6 p.c. stock gelatine solution is _the mediunu 
Tor the v'iulot filter (yellow pirinting negative), 
.stock dye solution, crystixl violet, 31 ^ grs. ; 
warm water, 6 oz., 70 miu. ; glacial acetic acid 
3 ram. Add 20 parts dye solulioia to JOO parto 
gelatin Holutif>n. A second blue dye is rapiid 
filter blue, 15:1: gr.s. ; water, 6 ok., 160 mixi, ; 
ammonia, lOnain. Tiltor, then talcc dye solution 
30 parts; gelatin, 100 pjarts- _ For green filter 
(rod painting negative). Ra.pid filter green I., 
62 grains ; water 3^ oz. Ta.ko ob dye solution 
20 parts to lOO of gelatin solntion- A green lor 
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panchromatic plates is as follows : lilter blue- 
green, 15J grs. ; filter yeUow K, 16| grs. ; 
water 3 oz. ; take dye solution, 20 parts ; 
gelatin, iOO parts. Red filter (blue printing 
negative). Rapid filter red 1., 3Si grs. ; 
water, 3| oz. Talce dye solution 20 parts, 
gelatin 100 parts. 

Single plate coloured processes. Jahfs process. 
In this process a glass screen, which may be 
called for convenience the taldng screen, is ruled 
mechanically with minute lines in orange, 
yellowish-green, and blue. This screen is 
placed in the ordinary camera slide with the 
lined surface inwards and in contact with the 
film of the sensitive plate. These plates must 
be sensitive to the entire range of colours. 
The negative having been developed in the usual 
way a positive is printed from it by contact, 
and aiiother ruled screen is placed in contact 
with this transparency. Tliis second screen, 
which may be called the viewing screen, is not 
lined like the first one, but in red, green, and 
violet lines. This screen must be so adjusted 
that the red lines fall on the ; ‘ ‘ " 

occupied by the orange line - 
screen ; the green on that : ■ ' 

blue-^een, and the violet o:i . 
occupied by the blue. It is of importance that 
the lines be in exact register. The positive and 
screen having now been put in exact position, 
the imago can be thrown upon a screen, when 
the picture will be seen in its original colours. 
It is of advantage that these pictures should bo 
looked at from some little distance, as the lines 
blend more harmoniously, and they should also 
be looked at directly, as when seen obliquely 
the colours vary. When observed directly the 
lines on the positive, and those on the viewing 
screen are in register ; but when observed 
obliquely, the blue or red predominate, according 
to the side from which the transparency may be 
regarded. 

Autochrome _ process. In this process, intro- 
duced by Lumiere, the colour screen consists of 
minute starch granules dyed with the three 
primary colours, red, blue, and green, this 
film being overlaid by a panchromatic sensitive 
film. In_ preparing these the plates are first 
coated with a taclry film which is then covered 
with a layer of the coloured granules thoroughly 
mixed, so that the different colours may be as 
far as possible uniformly distributed over the 
plate. This film is then rolled so as to get it 
as thin as possible, and retaining on its surface 
only one single thiclrness of the coloured particles. 
It is then dusted with some black material to 
fill up the interstices between the coloured 
granules, and finally dried and varnished. In 
some cases the dark material is incorporated in 
the emulsion containing the coloured granules. 
Upon the plate so prepared is spread the panchro- 
matic sensitive emulsion, which is dried in the 
usual manner and it is then readj'^ for use. 

The plate, as in the case of all such in which 
the coloured screen is attached to the sensitive 
film, must be exposed with the glass and not the 
emulsion towards the lens, so that the light 
coming to the sensitive film must pass through 
the coloured filter. The lens must also be 
covered with a yellow screen to diminish the 
active effect of the violet-blue rays. 

This reversal of the position of the plate in 


the camera necessitates some adjustment of the 
focus in using an ordinary carrier and ground 
glass focussing screen. Such compensation can 
be made either by reversing the ground-glass 
screen or by racking in the lens about of !in 
inch toward.s the xhato, thus compensating for 
the depth of the glass plate on which the emul- 
sion is spread. It may also be arranged for in 
more simple manner by focussing the image on 
the ground glass before placing the yollo^v .screen 
in its xjosition behind the lens. On screwing the 
yellow screen into its proper po.sitiun, after 
focussing in the ordinary way on the screen, 
the imago will be found perfectly sharply 
reproduced on the developed plate after ex- 
posure. 

Dufaifs dioptichroine process plate. In this 
the colour screen consi,sts of a .series of i)arallcl 
green lines with the intervening siJaccs filled by 
alternate blue and rod squares. The breadth 
of the lines and the size of the squares have, a 
certain relation ; thu.s the width of the green 
lino is 0'06 mm. ; the blue square i.y 0-0(1 min., aiul 
the ro-l square 0-07 mm. The jjlates are rapid 
and are said to be stronger I'or handling than 
some of the others. 

Thames screen plate. This iilate h.'is a colofir 
screen formed of rows of alternate red and green 
circular disks, the intervening spaces being 
filled with a violet-blue dye, thus covering the 
entire plate with the three colours. Tluj 
Thames plate can also be obtained with the 
colour screen separate from the sensitive jilate. 

In these plates the screens are ai>parontly 
more transparent than when coloured granules 
are used ; also they can be exposed with u 
lighter yellow screen upon the lens and probably 
are more rapid in their aedion. 

Development of coloured positives. Unless it 
be necessary that the resulting positive should 
undergo intensification, the development may 
be carried out with only two solutions, the 
developer and the reversing solution. The 
same reducing agents, -with some slight modifica- 
tions, mi y V . ■'-■V ’ . , are used in the 

ordinary.. : already described. 

The mo.st important diltoronccs from the ordimiry 
manipulation in the development of coloured 
positives are that the light of the developing 
room must bo much more modified on account 
of the sensitive nature of the plates, and tlu! 
washing operations as short as possible on 
account of the delicate nature of the film.s. 

The first development is carried out in thcj 
usual way, but should be finished in 2 to 21 
minutes ; the plate is then carefully washed 

and covered v“M‘ f ■ -'I ■ ’ ■ . 

tion of pota . ;i' ■ ■■ 

At tills stag ■ ■■ ■ ■ „■ ■ : 

examined. : , ; . . 

in the reversing solution ior 3 to 4 minutes, but 
must be closely watched. It is then again 
washed and flooded with the same developer as 
employed in the first development. Botli the 
reversal and the second development may be 
carried out in daylight and the action of the 
second development allowed to proeeefl until the 
positive boooinea uniformly dark or nearly 
black when viewed in the dish by reflected light. 
Should the positive appear dull or slightly 
stained after reversal it may bo cleaned by 
immersion in a 1 p.c. solution of sodium 
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■ Full instructious are generally 

' ' . cers of the various plates. 

■ may be taken as more or less 
applicable to plates where the colour screen is 
coinbined with the emulsion. 

Developers. 

Metaqui" -p- ■ - - - ^ 

Sodium . ■ ■ > .1 

Potassium bromide 
Ammonia (0-920) 

Hydroquinone , 

Potassium metabisulphitc 
Water 

Caustic potash . 

Water 

a is the developer generally applicable to 
autochrome plates and hi and 62 to Thames 
plates. _ In these latter, 61 and 62 should be 
mixed in equal quantities just before use. 

Reversal. 


a 

61 

4 oz. 

— 

3i oz. 

— 

90 grs. 

00 grs. 

9 drs. 

— 


^ oz. 


* oz. 

35 oz. 

20 oz. 


62 

1 oz. 

, 20 oz. 


c and d are useful for autochromes, e is 
generally used with the developers 61 and 62 for 
'riiames plates. In using potassium perman- 
ganate as the reversing agent it is often necessary 
to immerse the plate for a few seconds in a bath 
of chrome alum immediately after reversal and 
before the final washing. 

Intensification. Should the plate after de- 
velopment appear to want contrast and brilliancy 
it may be intensified either at the time of 
development or at some future time provided it 
has not been varnished. Before intensification 
if the plate has been allowed to dry a thin edging 
of varnish shoixld be given to it to prevent the 
film frilling or slipping. 

The plate is first immersed for about 15 
seconds in a solution of — 

Acid permanganate from developer (c) 5 drms. 
Water . . . . . . 35 oz. 

After washing it is intensified much in the same 
manner as described for wet plate positives 
in the following solutions : — 


Pyrogallol 

. . 45 grs. 

Citric acid 

. 45 grs. 

Water 

. 35 oz. 

Silver nitrate . 

. 75 grs. 

Water . 

3J oz. 


II. 

Of these for any size up to a whole plate take 
of I. 3| oz. and of IT. 3 drms. 

Immerse tho jilate in this solution and 
examine the increase in intensity, from time 
to time. The solution must be made just 
before use and discarded when it bocoine.s 
turbid. After intensification, gently wash tho 
plate for a few seconds and immerse in a bath 
of nr.ntrnj pprrriang.ar.atr; containing iJotaasium 
r!;-:':'!,'; I.'i gr.;. to water 35 oz. 
Wash again for a few seconds and fix the plate 
in the following hath : sodium tluosulphate, 
6| oz. ; saturated solution of sodium bi- 


— 

c 

i d 

I j 

! ' 

Potassium permanganate 

•o 

- 


„ dLchromato , 

! , 

45 grs. 

10 p.c. solu- 
tion 1 oz. 

S\iIi)hurio acid 

35 drs. 1 

100 mm. 

1 dr. 

Water 

35 oz. 

1 

20 oz. 

10 oz. 


sulphite, oz. ; water, 35 oz. The plate 
after a final washing can then be dried. Fixing 
the pF^'- i ' '• -i-i-j-, always necessary 

after = ■ ■ . 

Bleaching -out process. This process depends 
upon the fact that certain dyes may bo destroyed 
by the rays of light w'hich they absorb. Thus 
an unstable red colour will be stable in red light 
but be destroyed by light of another colour j 
this ixhenomenon, as explained by lierschel, 
being due to the fact that only those rays which 
are absorbed by a dye can exercise their energy 
in decomposing that dye, the other rays which 
are reflected having no action upon it. Thus 
if a film be constituted of properly chosen 
yellow, red, and blue dyes, only those dyes will 
p., y-'i v'^'ch absorb the rays of the corre- 

■: ■ f ( If paper be coated or other- 

. . . ■ sensiLivo aniline colours which 

: iceptible to tlfis decomposition 
and. a coloured transixarency be placed upon it, 
wherever green light falls upon tho paper the 
red and blue colours will bleach out, and coji- 
versely where red falls tho blue and green wiU 
bleach, and where blue rays fall tho red and 
green will go. In fact, wherever a jjarticular 
colour falls, that special colour will be retained 
and rendered permanent on tho paper print. 

The following quantities have been given as 
suitable for preparing a sensitive film for this 
process : — 


A. Gelatin 


. 164 grs. 

Distilled water . 


. 3^ oz. 

(1) Methylene blue . 


. 1^ grs. 

Distilled water . 


4- oz. 

(2) Auramino . 


. l^' grs. 

Alcohol 


If oz. 

(3) Erythrosiu 


. 4 grs. 

Distilled water . 


. 1| oz. 


To the gelatin solution A add of No. 1 solu- 
tion 08 min., and of No. 2, 34 min,, stir well 
and then add drop by dro^x with constant 
stirring 25 min. of No. 3 solution. The addition 
of No. 3 must be stoiximd on tho slightest 
appearance of a red tinge. The mixture should 
stand for 3 or 4 hours at a temperature of from 
95° to 110°F., and then should bo added a solu- 
tion of chloral hydrate 31 grs. and caustic 
soda solution 30 p.c., about 10 min. 

The length of exjjosure necessary to give 
any good result is at present so long, that this 
method of obtaining coloured prints cannot be 
said to be quite perfect enough for ordinary 
use. Improvements, however, are being made. 
It will be seen that this process, if tho films be 
spread on paper, might be used for printing 
from coloured transparencies. 

Printino ih Coloues on Paebr. 

In the processes hitherto described the 
result obtained is a coloured transparency on 
glass of winch only one copy can he retained. 
To obtain a number of copies on paper, resort 
must bo had to photo -mechanical work. The 
principles involved in those processes will be 
dealt with elsewhere (p. 236), so that here it is 
only necessary to describe the differences which 
exist when producing such pictures from coloured 
transixarencies. 

Three negatives of tho subject are first taken 
through proper colour filters as already described. 
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and from these, corrospouding positives are 
made on ordinary sensitised plates. Cross- 
hatched negatives are now made from tho.se 
positives through lined or clotted screeus as for 
ordinary photo-mechanical printing, which nega- 
tives can bo printed on copper or zinc plates 
coated with diehromated gelatin. Develop- 
ment by washing is then carried out in the usual 
way, leaving a positive in insoluble gelatin on 
the copper or zinc plate. These constitute the 
three blocks, as they are called, and may now 
be coloured separately in yellow, red, and blue, 
the final prints being taken from them by 
carefully superimposing and adjusting the sheet 
on wliich the final impression is to be taken. 
The order in which the final printing is carried 
out is first to print the yellow image then the 
rod and finally the blue. 

Collotype colour process. The final prints 
in this process are obtained in the various 
colours from a reticulated gelatin surface. 
Three negatives are taken in the manner already 
described on thick glass plates covered with 
diehromated gelatin, and after exposure washed 
to remove the colour of the diohromate. When 
dry the plates are soaked in glycerol and water 
for about 30 minutes, and the solution carefully 
removed by a dry cloth- The glycerol solution 
penetrates through the film, apirarontly accord- 
ing to tlio dilierent intensity of the light that 
has acted on various parts of the plate. Thus 
there is great penetration in the parts unacted 
on by the light, but little or none on the portions 
hardened by the light. On covering the surface 
with coloured ink, the greasy body adheres to 
the dryer shadows, but does not become attached 
to the more moist portions which represent the 
high lights. The final impressions are taken by 
accurately superimposing the sheet of paper 
successively over the three differently coloured 
collotyi^e plates. The reticulation of the 
gelatin in thi.s process provides the necessary 
fine grain on the plate. 

lmhibUio7i process of Baiujcr-Bheplierd. 
Three negatives are lir.st taken through the 
colour screens, and positives printed from them 
on a celluloid film coated with gelatin containing 
silver bromide, which is sensitised in a solution 
of potassium dichromate. The jjrints are made 
by printing through the celluloid film, the 
celluloid surface being in contact with the film 
side of the negative. Exposure is carried on 
until aU details are visible on the film as a dark 
yellow print. The film is now washed for some 
mmutes in water and then fixed with sodium 
’ ■' . il all the white silver bromide 

■ ■ y ' I'd ■ ; leaving the image in clear 
gelatin. The film, taken under the green filter 
negative, is now stained in the pink dye bath, 
that from the blue filter in the yellow dye bath, 
and the third stained in the blue dye. 

The prints are then successively ‘ squeegeed ’ 
on to a sheet of paper which has been coated 
with a thin layer of gelatin, and winch after 
w'cll soaking in water is spread on a glass plate. 
The order in winch the dyed positives are 
transferred to this coated paper is, first the one 
dyed in the pink colour, second the yellow dyed 
positive, and finally the one with the blue dye. 
By this means a combined print formed from 
the three combined colours is obtained. 

Pinatype process. This process depends 


upon the use of certain dyes which do not 
attach tbemsdves to the hardened golatiif, but 
are capable of .staining the unacted on gelatin. 
This is the rever.se of the last described i)roce.ss, 
and as the dyes do not attach themselves to the 
hard, but only to the soft gelatin, the print in 
this case will be a facsimile of the original 
negative. In order, therefore, to make a positive 
print, the diehromated plate must bo made 
from a trans|)arency and not from a negative. 

Three negatives having been taken through 
coloured screens, three ix).yitivcs are copied from 
them on an ordinary emulsion, similar to that 
used for lantern slides. From these positives, 
three sensitised diehromated printing plates are 
made, which after washing and allowing to dry 
are dyed with blue, red, and green pinatype 
dyes ; a blue bath for the plate made from the 
red screen negative, a red bath for the plate 
from the green screen negative, and a yellow 
bath for the third plate. 

To print the picture on the transfer paper, 
which has bi.-i;:'. ]ir.:vi',.i;.-.!y ’.cell soaked in water, 
it is gently ice, .ee-i ' ir- i on to the blue dyed 
plate, then on to the red and finally on to the 
yellow. It is not absolutely necessary to follow 
tins order, as it has been found advantageous to 
alter it for different subjects. About 10 minutes 
will suffice for the transfer of each colour to the 
transfer paper, but for details with regard to 
this and for the minute manipulation of the 
process, special instructions must be consulted. 
It wiU bo observed that a certain advantage 
exists in this process, as the three colour im- 
; ■ ■ ' on the one gelatin ,su])port. 

, , A proce.ss employing 

only two colours has been introduced by 
Gurtner of Borne. In ‘ : . ,, ' i 

of the blue and yellow ■ . ■ . ■ - 

tion is paid to the r- .. 'i , ' 
transparency plate is first dyed in the dark fur 
a few minutes in an aqueous solution of naphthnl 
orange and then dried. This plates is now 
ifiaced film to film in contact with an ordinary 
panchromatic plate in the dark .slide, so that 
the glass of the former, or transparonc.y plate, 
faces the lens. With this arrangement the 
orange dyed plate acts not only as the seustive 
jhata for the blue rsiys, but also a.s a light filtcir 
for the red, yellow, and green rays. In 
tills way, the transparency plate becomes the. 
negative for the yellow print, and the pan- 
chromatic ifiate that for the blue print. 

From the ’ ■ ' ' ■ ’ ' . . ” o print 

is made by ■ ■ ' paper 

or some oth .■ ■ ■ , . ■ trans- 

parency or yellow plate, after fixing and washing 
away the stain, may be printed from on ordinary 
printing out paper, or on a stripping collodio- 
chlorido paper, and if the prints be fixed with 
ammonia without toning they will retain a 
proper yellow-red tone. If transparencies are 
used the yellow transparency is directly com- 
bined with the blue by placing the jfiate.s lilm 
to film. If prints on paper are required, then 
the print on the stripping collodio-eldtjridc) 
film after careful adjustment i.s superimposed on 
the blue print. J. M. 'J’. 

Photo-Mechanical Pr.ociES.sis.s. 

In addition to the proce.sHes of i)uro jihotn- 
graphy in which the results are obtained by 
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light action aided by subsequent chemical 
en, t;’!C’'o are other methods of photo- 
gr.iol'V' i making. These constitute a 

group by themselves of considerable industrial 
importance, difioring from the purely photo- 
graphic methods in so far that they yield 
their results partly by chemical and partly by 
mechanical means. Photography is utilised in 
the production of surfaces from which prints 
are afterwards obtained in printer’s ink. Such 
processes employ the different forms of printing 
press, and, to them the term photo-mechanical is 
applied. They are used for the production of 
transcripts of drawings and paintings of different 
kinds and for the multiplication of copies of 
photographs of natural, objects. By far the 
greater portion of the illustrated books and 
periodicals now made utilise photography in 
this manner. The processes are divided into 
three groups, intaglio, mirface, and relief, accord- 
ing to the form of the ink-bearing medium. 
Th<i term ‘ surface ’ is for convenience generally 
employed (although it is not strictly correct), 

and it is the function of thi" 

prepared surface to hold the s , , = ■ > 

1)0 transferred to l)aper) distributed in such 
order and quantity as will render the various 
tones of the picture. For a simj)lo under- 
standing of the differences in the three groups, 
consider a plane surface as the starting-i)nint. 
Then, in an intaglio process, the ink-holding 
portions are sunk below that surface, as, for 
example, in a steel engraving — ^in a surface 
process the ink-bearing parts and those which 
do not bear ink are in the plane of that surface 
after the manner of a picture upon a ‘ litho- 
graphic ’ stone, whilst in a relief process certain 
portions of the original surface have been re- 
moved, forming depressions, leaving other 
imrtions which are to bear ink standing in relief, 
the .simplest illustration f)f tins form of surface 
l)eing an ordinary woodcut. It will bo seen 
that a relief process — so far as the finished 
re.sult i.s concerned — is the exact reverse of an 
intaglio process. Meth -l- c'.'rfi'ir- umlor these 
two'^designations yield i-"'iili:!'.: ■ which 

fulfil their purposes by u di h:;.- pm'-iy mechani- 
cal ijrinciples. Tills is not so, however, with 
surface i)rocosae.s, for the physical state of the 
surface produced by chemical change largely 
determines their working. 

’The following li.st gives the typical and more 
impiortant processes according to their character 
in the groups already given : — 


Tntaglio. 

Photogravure in line and in gradated tones 
— flat surface. 

ITiotogravure in lino and in gradated tones 
— cylindrical .surface. 

Wood imry typo. 


Surface. 

Photo -lithogra phy. 
Photo-zincograx)hy- 
Alagraphy. 

Collotype. 

Relief. 


Line hloclc processes. 

Tone ,, „ 

Colour proces8e.s (tri- and multi-colour 
methods). 


Combination processes between methods in 
the same group or between those in more 
than one group, as for example, collotype 
and lithography, lithography and tone 
block processes, hthography and photo- 
gravure. 

Negatives required for photo - mechanical 
methods axe made by means of wet collodion, 
collodion emidsion, and by dry plates. The 
first-named process is the one principally used 
for the majority ’ . : . ,r the reason that 

it is the most ■ ■ ' ■ ■ gives easily the 

land of negative required. When, however, 
subjects in colour are to be rendered either in 
monochrome or again in colour, the choice lies 
between the two latter methods. The modern 
orthochromatic dry plate of the best type has, 
however, verylargely replaced collodion emulsion 
and will probably in time do so entirely. 

The second step is the maldng of the surface. 
Practically the whole of the photo-mechanical 
processes are ba.sed upon th ‘ ’ 

occur when albumen, gelatin i ' . ■ - 

tion product gelatose (of which the substance 
‘ fish glue ’ is the most important example), are 
exposed to light in conjunction vuth alkali 
dichromates. Generally the insoluble bodies 
so produced are employed as protective agents 
or ‘ resists ’ upon the surface of a metal against 
the action of some solvent of that metal (photo- 
gravure and rek’ or they may 
be used in the ;■ i , ' ■ : o '■ image to be 
applied to stone or metal as an intermediary 
(lithography, zincography, alagraphy), or to 
paper as finality (collotype). 

Intaglio Processes. 

Woodhurytype. This process was the in- 
vention of the late W. B. Woodbury, and is 
especially interesting in that it forms a bridge 
between the purely photographic and the photo- 
mechanical process. The printing plate con- 
sists of a sheet of lead which is impressed ivith a 
series of cavities the variation in depth of which 
corresponds to the light and shade of the 
different j)ortions of the picture it represents. 
A carbon print (see Chromium Printing, p. 241) 
is a picture produced in insoluble gelatin wMcn 
holds in suspon.sion finely-divided carbon or 
other pigmentary matter. The picture tones 
are represented by various thiclaiesses of in- 
soluble gelatin, and .such tones show a sensible 
amount of relief. By the use of a specially 
thick film of gelatin the amount of relief may 
be increased, and if such a film he developed 
upon a film of collodion there is obtained what 
is known as the Woodbury ‘ relief,’ which is 
merely a carbon picture held upon a thin film of 
textureless collodion instead of upon the fibrous 
paper, as is customary with a carbon print. 
When the film is dry, there are varying thick- 
nesses of hard gelatin, and it so happens that 
such is capn,T)le of resisting considerable pressure. 
If the relief bo laid upon the bed of a hydraulic 
press and a sheet of pure lead be put above 
it and pressure applied (the precaution being 
taken to prevent the lead flowing laterally), a 
perfect mould will he made of the relief, and 
without damage to the gelatin picture. The 
gelatin relief can ho readily removed and the 
result will be an intaglio copy in lead. If, 
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when the carbon print has been removed, the 
space left is filled up with a solution of gelatin 
containing pigment and this gelatin is allowed 
to set, to all intents and purposes, the condition 
is the same as it was in the first instance,^ except 
that one filling material was dry gelatin, and 
the other is wet gelatin. If we allow this 
gelatin to set, attaching to it previously some 
substance by which it can eventually be with- 
drawn, a print wfil be produced similar to the one 
used for making the mould. The latter was a 
carbon print produced by the agency of light, 
and now from a leaden intagho plate or mould a 
similar carbon print is obtained,^ purely _ by 
mechanical means and without light action. 
When once the leaden relief is produced, prints 
are readily made merely by pouring into the 
mould a solution of gelatin containing pigment 
suitablv adjusted as to quantity, placing on the 
top a sheet of paper, and applying even pressure 
above. The excess of gelatin is squeezed out 
at once, that remaining in the mould sets in a 
short time, and upon lifting the paper away the 
gelatin will come'with it. A Woodbury print 
is then simply a carbon print produced rnechani- 
cally and consists, as does the carbon print, of a 
layer of gelatin of varying tluckness, the only 
otliier difference being that in the case ot tlm 
light-produced carbon picture the gelatin is 
insoluble, and in the mechanicaUy-produoed 
carbon print it is not. This process is probably 
the most perfect of all the photo-mechanical 
processes, so far as the rendering of tone is 
concerned. Very great variety can be obtained, 
the colour depeniSng upon the pigment used 
with the gelatin. The process Stannotype, also 
due to Woodbury, was a modification oi this 
method designed to avoid the_ necessity for 
hydraulic pressure in the production of a mould. 
The plate was formed from a negative carbon 
relief in gelatin faced with tin foil forced into 
contact with the relief by rubber roller pressure. 

Photogravure. A photogravure plate is a 
sheet of copper bearing an image formed by 
means of cavities of different depths, which 
represent the gradations of the picture. These 
cavities are filled with an ink composed of lin- 
seed varnish and a pigment (for example, lamp 
black), which ink is afterwards transferred to 
paper by means of pressure in the copper plate 
printing press. The process most generally 
used is 'that Imown as the Talbot-Klic. 

Any drawing in line or gradated tones in 
moirochrome or colour or any photograph of a 
natural object may bo rendered by this process. 
Wliatever be the original, a negative must first 
be prepared of the desired size, and from this 
negative a positive transparency is made which 
should be laterally reversed. If the subject be 
a line drawing the positive may bo produced by 
means of a gelatine -bromide dry plate or by wet 
collodion. If the negative represents a drawing 
in gradated tones — for example, a wash drawing, 
an ordinary water colour or ‘ . 

a photograph of a natural 
be unreversed and from it a positive transparency 
is made by the carbon process, which produces 
the reversal required without further operation. 
The method gives probably the best rendering 
of tone, but in the hands of a skilfiil operator a 
reversed positive may be made by the dry-plate 
process. The latter plan has the advantage 


that the size of the positive may be varied from 
that of the original negative which is frequently 
required. ^ 

Outline of prnoenf^. The process of photo- 
gravure consists in forming upon the siirtaca' of 
a sheet of copper, on which there is depositfal a 
fine dust of bitumen (or colo])h(my), an insoluble 
gelatin image. The plate bearing tlu; dry 
gelatin image is placed in a solution ol ferric 
chloride which is absorbed, when swelling and 
penetration of the film takes place— -tlu! solution 
eventually reaches and then etehos the metal. 
This process may he termed ‘ through ’ etching. 
The various thicknesses of tins gelatin which 

lav, ■'■h- pa-,,,: Q_p image determine the 

,■ .r.'-i : ,■ : ■■ ; be action of the mordant, so 

that in a given time different amounts of etching 
are produced, corresponding to the tones of the 
picture. When the etchinc is complettal thc 
gelatin is removed, the plate cleaneil, and it is 
then ready for proofing in the press. 

This gelatin image governing The etching is 
a negative image, and is the ‘resist.’ It is 
produced by the carbon process, in the ordinary 
manner of the carbon printer, by developing on 
the metal a tissue exposed under the reversed 
positive from the negative of the subjiad,. d’he 
dust coating is termed the ‘grain.’ Its function 
is to protect minute areas of the* surfaec* of the 
metal from the attack of th(> mordant. A 
patch of uniform tone of appreciable size is not 
represented by an etched cavity corresponding 
in area to that patch of tone, hut is made u]> of 
a number of small ones, undistinguishable as 
separate elements by the unaided eye. 

Failing this condition — however it may he 
produced-h-in the plate, the printing ink could 
not be held prior to transfer to the pajter which 
forms the final support of tint image. 

The ‘ grain ’ is produced by exposing the 
plate in a box which contains suspemh^d in its 
atmosphere very finely divided bitumen or 
oolophoiry. The ‘graining box must he of 
considerable volume and largo in horizon{,al 
sectional dimensions in proportion to the 
dimensions of the copper plate, in order to 
enable uniform graining to he obtained ov(:r the 
whole area of the surface. Wheti tin; amount 
of dust deposited is sufTioiont 1/he plattn is re- 
moved and gently heated, when Ih'- grain;' ;:of(cii 
and adhere firmly to the metal, 'i'hc .■.neec.-,- of 
the process is largely dependent upon snitahle 
graining of the plate. 

The copper used for ])Iatf; making must Ik; 
pure, hard, and homogeneous,, the .siirfaeti 
planished and highly polished. 'I’Ik! (iarhon 
tissue is preferably one containing oidy a small 
quantity of pigment in order that the. colour of 
the metal may l)e seen idiroiigh Ihe film. ‘I'lif; 
correct exposure for the tissue under the jio.sjt.ive 
should be ascertained by trial (txposure, (level(/[>- 
ing such trials upon opal glass. 

The solution of ferric chlorid(» (which must 
not contain ' ' p ■ loyed a.s 

mordant is ■■ ■ . ■ ' t salt in 

water to t ■ ■■ which 

registers 45'Jiaumo ai Jdu:., ami irorn (hi.s 
solution others are preyiared by dilution to 
densities 33°, 3r,°, 38°, 40° ami 43°B. 'J’he 
more ooncentrated the mordant the slower Ihe 
rate of penetration. A very conceidirated solu- 
tion may not in reasonable time penetrate even 
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the thinnest portion of the resist. If such fails, 
the solution is poured away and a Aveaker one 
oinpl3yed. When the ferric chloride reaches 
the copper, a darkening takes place shoAvinp: 
that the etching has started. Such action Avill 
continue to other and lighter tonc.s as the 
mordant penetrates, and to secure this end the 
weaker solutions are used successively until 
even the thickest layer of gelatine is penetrated. 
Errors in timing or in the use of unsuitable 
solution load to faulty rendering of the scale of 
gradation. 

Wlien the etching i.s completed the metal 
plate is at once placed in a solution of caustic 
soda, Avhich arre.sts the action of the mordant. 
The plate is Avashed in Avater, scrubbed AAuth a 
soft brush, brushed Avith dilute sul])huric acid, 
and afterAvards Avith turpentine to remove the 
“grain,” again Avashed and dried. 

The plate is printed after the matnier of a 
copper plate etching, and in photogravinvj much 
of the success is due to skilful treatment in this 
operation. If only a fcAV copies are required (he 
plate may ho printed at once ; but for any 
quantity it is nooe.ssary that the surface be 
‘ steel faced,’ in order to protect the image from 
Avear in the printing proemss. 

Usually pbol" -I'e plates require con- 
siderable i- r- •■■■ the hands of a skilful 

engraver by means of the burnisher find roulette, 
and by a process of selective ei,cliing for which 
the plate is afterwards specially prepared. 

Inveut HatjU-Tonb Intaolto Printino. 

A form of intaglio printing consists in 
adapting the ruled screen half-tone principle 
(see Tom hlnrJc procAww). A screen positive 
is made from an ordinary negative (continuous 
torn') and frojn this positive a ])rint is made 
upon eoppor by the enatneline proce.ss (see 
Kmmdim. printifi(r)- 'f’his print forms _ the 
resist.. ''Idle plate is afterAA’ards ctchml in a 
solution of f(UTic chloride, and i.he etched metal 
is printed in the, cop|ier plate printing pre.ss. 
'I'ho gradations of light and shade a-rt^ romhired 
liy dots of various si'/es (the number per unit 
area depending ou the ruling of the screen em- 
jiloyed Avhen making the screen positive), as in 
the half-1, one block proccs.s, hut eaidi etched 
caAnty is the same dcqith. 

ItOTARY PRINTINO OP INVERT IlALli’ d’ONE. 

Tnstcsul of using a flat surface of copptu’. a 
cylinder of the metal may bes employed. 'J’his 
oller.s eonsidera’ ’ k . ' ■ . inasmuch as it. 

permits of the . ■ rotary method 

of printing Avith the con.scijuent gain in speial 
of outymt and in certain other dirf'ctions the 
proeesH is useful, as, for example, in the illu.stra.- 
tion of the les.s expensive: forms of printed 
matter, nc\v.spa])ers, jieriodieal.s and ilu' like. 
Special devices are used by Avhieb the, .srsnsitivo 
eoating (Itsh glue and an alliali diebrnmate) is 
applied to the roller and a flexible film form of 
half-tone screen iiosil.lve i.s n.-uised to aflhere to 
the cylinder liy a suitable iluid medium — a.s, for 
example, mineral oil — Avhich iloi's not affect the 
sciisiti\a; eoating. Afte.r exposure to light, the 
imago i.s developed, dried, atui euamcdled. 
'Phose portioms of the rfdler not covered AA'ith an 
image are now varnished by a protecting medium 


and afterwards the roller is treated Avith the 
mordant. The printing of such cylinders differs 
from that employed with any other photo- 
mechanical process. The machine employed 
consista of a large cylinder or bowl upon which 
is stretched a felt blanket, and over this is fed 
the paper from an endles,s reel. The engraved 
roller i.s supported in contact AAdth the printing 
paper, the pressure betAvoen the tAA^o being 
variable at AAdll. The inking is effected by 
supplying the printing colour to the roller as it 
revolves by the aid of a brush or felt feeder. 
The excess of colour is removed by means of a 
thin steel knife-edge blade termed the ‘ doctor,’ 
Avhich i.s caused to press upon the roller Avith 
sufficient pressure to remove the superfluous ink 
from the surface. The colour remains in the 
etched hollo aaas. The surface- clean ]iortion of 
the roller next comes in contact AA’itli the print- 
ing paper, Avhen tran.sfcrcnce of the colour from 
the cavities takes place. It Avill bo seen that 
the steel ‘ doctor ’ Avith its perfectly smooth 
edge replaces the hand wiping of the copper 
plate printer. Perfect fitting of the tAi'o 
surfaces, the ‘ doctor ’ and the cylinder, is 
necessary. The ink used must be much thinner 
in consistency and of a different character to 
that employed for ordinary copper plate printing 
or the surface of the roller cannot bo made 
dean by i,ho ‘ doctor.’ This method of inking 
docs not offer 11 ■■ 'nr; i fqvorlm '' /for modifica- 
tion a.s that u.- .by il;.' ; I'.iii .uw copper plate 
printer, whoso craft is extremely persona], 
offering abundant field for the exercise, of taste. 
In consequence, excellence of result in all 
‘ doctor ’ or mechanically Aviped intaglio printing 
depends largely upon the quality of the on- 
graving Avork. 

Rotary Printing oe Photogravure. 

Rotary photograinirp. The method of printing 
ordinary photogravure plates docs not lend 
itself to H]iocd of production, and the result is 
that the prints are relatively costly, especially 
for large siKcs. I’hotogravurcs plates, a.s in the 
case of ordinary copper or steel intaglio etchings, 
can he printed AA'ith success upon special flat- 
bed printing machines, Avdien the Aviping of the 
plates is olTected by means of a ‘ doctor ’ or by 
a travelling baml of paper. It i.s, hoAA'cvcr, 
found in the case of the delicate photogravure 
filate that considerahlo wear takes place. For 
some, years, the rotary principle has been applied 
Avith great sucees.s in the case of a limited 
number of firms, Avhoro methods of producing 
the etched rollers arc carefully guarded secrets. 
'The ‘ invert half tone ’ process should not be 
regarrled as tho same as photogravure, for the 
reason that ‘ through etching ’ is necessai'y to 
give the characteristic cdTect of the latter 
l)rooeH.s, the etched cavities of the rotary photo, 
gravui'e plains, nnliko ‘inverted halftone,’ varying 
in depth, an important element in producing 
the beautiful off eels of thr: method. If upon 
the surface of a copjier cylinder there, ho de- 
veloped an.arbon print made byi'xposing a sheet 
of sensitive fliclu’omate.d ti.ssiie under a ruled 
•screen (see JI<df4on(>. procpsH) of special type 
(Fig. 12), the tints so produced. — Avhich are 
formed of regularly distributed elements of 
insoluble gelatin — may be utilised in plane of 
the bitumen grain employed in the Talbot-Klic 
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process. Upon this ground, a carbon negative 
image — as in the Talbot-IUic process — is 
developed and the roller with duplex resist is, 
when dry, submitted to the action of ferric 
chloride. The roller so prepared is then printed 
after the manner previously outlined. 

The quality of result obtained by the rotary 
process adopted by the best firms is very high, 
the rollers being singularly free from obvious 
evidences of the use of the hand engravers’ 
tools. This is largely duo to the perfection of 
the method itself and to the attention paid to 
the making of the negative and positive and to 
their skilled retouching. The printing ink — 
the medium, pigment, and viscosity — the paper 
used, and the speed of printing require very 
careful adjustment, the one to the other, and to 
the particular engraving on the roller. 

Photogravure in colour. Prints in colours 
are produced by applying colour inks to the 
engraved plates,' which are etched more deeply 
than for monochrome. The coloured inks are 
applied to the plates by sponges or by dabbors 
of different sizes and for small details by stumps, 
and the plates are wiped by the usual muslm 
and also by the soft portion of the printer’s hand. 
The transfer of the ink to the paper is completed 
at one operation. The process is naturally 
slow, and the results, though often very line, 
are costly. 

Recently, the ' ■■ has been 

applied to' the / . i lotogravuro 

prints in colours with success. Combinations 
of rotary photogravure and lithography for 
colouring work are also employed. 

Chromium Printing. 

If gelatin be placed in a cold solution of an 
alkali dichromate, the body swells, behaving in 
the same manner as when immersed in water. 
If the swollen mass bo dried and kept in the 
dark without si)ecial precaution, no alteration 
takes place which materially affects the proper- 
ties of the gelatin except after some hours. 
The period' of immunity from change largely 
depiends upon the temperature and the amount 
of moisture present in the mass. In warm anrl 
e.specially during damp w'cather, a mat(‘rial 
change may take place in 12 hours, and the 
result of that change is that the gelatin has 
reduced some of the chromium salt, the, mass 
has lost its yellow colour becoming dull orange, 
its absorption capacity for water, and the in- 
crease in volume consequent, is lowered, and the 
temperature at which the body when swollen 
in water passes from the ‘gel’ to the liquid 
state is raised. As time goes on, the changes 
in tho normally dry chromated mass increases, 
with the result that the gelatin almost wholly 
refuses to absorb water, and it will not dissolve 
at increased temperature — the gelatin ha.s 
become insoluble. 

If the dichromatod gelatin bo kept in a 
cool and dry atmosphere it will remain prac- 
tically in its original state for several clays ; 
and with complete desiccation, no change of 
moment can be observed after many weeks’ 
storage. 

The change in appearance and behaviour 
thus indioatecl proceeds with great rapidity in 
tho presence of light, provided that the di- 


chromatod gelatin is ordinarily dry. In the 
moist state the alteration is extremely slow. 
Gelatin ma 5 ’’ therefore be said to form i% con- 
junction with a dichromate a mixture sensitive 
to light. What is true of gelatin holds good 
for many other substances : for example, to 
its parent collagen and to its i^rimary degrada • 
tion product qalalose, to albumen, gum arabic, 
and to starch. All these substances reduce 
alkali dichromates in the dark, but more rapidly 
in the presence of light, and yield residues which 
are insoluble in hot water. Many bodies akin 
to those instanced — gelatin peptone is im- 
portant in this respect — reduce dichromates but 
do not yield insolul)Io products. The feature 
which it is important to notice is the change in 
solubility in water and the properties which 
accompany this change, for upon these tho 
interest and value to tho photographer and to 
the photo-mechanical worker depend. 

■■ )lubility finds its most 
■ ^ ^ in the ‘ carbon ’ or 

‘ autotype ’ process, which is one of the most 
perfect printing methods employed by the 
oh. b'' I ' oth on account of the faithful 
gradations in tho negative and 
!.,■ >■. effect which may bo lU’oduccd. 

In order to obtain pictures by this process, a 
sheet of paper coated with dichromatod gelatin 
containing in suspension a suitable pigment, is 
exposed under tho negative. The gelatin 
becomes changed according to tho degree of 
exposure to light, which is determined by the 
opacities of the different parts of the negative, 
and such changed gelatin is insoluble in water. 
If after exposure tlio sheet bo treated with hot 
water, the unchanged gelatin is removed and 
tho insoluble portions remain. Inasmuch as 
tho insoluble gelatin remaining up(jn tho paper 
contains uniformly suspended pigment, it follows 
that the picture tones will bo formed by varying 
amounts of such pigment, tho gelatin acting 
now as tho vehicle. Tins term ‘ carbon printing ’ 
had its origin in the faci/ that lampblack was 
used as the pigment, and this body is still em- 
ployed in many forms of the sensitive iiapcsr or 
‘ tissue.’ 

Tho sensitive tissue prepared for the process, 
is made by coating tho surface of suitable 
paper with a mixture of gelatin, sugar, and 
colouring matter in water to which an alkali 
dichromate is added. The machinery employed 
for the purpose is simple in character, the paper 
being merely drawn across tho surface of tho 
mixture, which is kept liquid by heat, tho spetal 
of travel with any preparation determining the 
thickness of coating. Tho pa])er is afterwar<ls 
suspended in a room through which a curremt 
of air is passing. After drying, t,he tissue is 
sensitive to light. If the dichromate bo omitted, 
insensitive tissue results. Both forma are 
manufactured in larr"^ q’ifiano is 

produced in a largo vi.r o.' (-,:{.!.ir'. care 
is taken by the makers to use only pigments or 
mixtures of ]>igments which are permanent in 
light. When such rule is followed, carbon 
prints are perfectly permanent. Tho insensitive 
tissue may be sensitised by immersion in an 
aqueous solution of potassium dichromate after 
which operation it is dried. The concentration of 
such solution, Avhich varies between 1 and 5 p.c.. 
exorcises a marked influence on tho character of 
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the prjui, the contrast decreasing as the amount 
of dichromate is increased. 

Wiicn the sheet of sensitive tissue is exposed 
under a negative, all portions of the siud'acc of 
the tissue, except those under absolutely opaque 
parts of the negative, are changctl, and there is 
formed therefore a skin which is insoluble in 
water. Such skin acts as a protective coating 
against the action of the warm water used in 
removing the soluble portions in development. 
If such an exposed print bo placed in warm 
water the soluble layer remaining under the 
1 ; i- ■ ' --I ■with the 

■■■■.. . , ■ . ■■ ' hold 

the insoluble pi.i , . '■ ■ . ■ the 

paper and no picture is produced. How to 
meet this difficulty was one of the problems in 
the early stages of the development of the 
process. Such difficulty is now avoided in a, 
simple manner. If the exposed sheet be lolaccd 
in cold water together with a .sheet of glass and 
the gelatin surface (which was in contact with 
the negative) is fixed upon the glass and the 
two are afterwards pressed together by means 
of a squeegee so as to exclude all air, the 
gelatin paper will, after standing, adhere 
tenaciously. If the tissue so mounted bo now 
placed in hot water, the paper can be stripped 
away and will leave the gelatin mass adhering. 
Ey gently lavitig the soluble gelatin washes 
away, leaving the insoluble gelatin behind. 
This picture forms a transparency, and such are 
of considerable value for the various purposes 
for which positive pictures upon a transparent 
base are required. If instead of iisirig plain 
clean glass a sheet which has been polished with 
a cloth moistened with a turpentine solution of 
rosin and beeswax is employed, the dried picture 
may afterwards be trunsferrocl to pai>er by the 
simple expedient of iwessing into contact a 
sheet of paper which has been coated with 
gelatin, the picture surface and the gelatin 
being moist at the time. On drying afterwards, 
the ])aper readily peels away leaving the picture 
in perfect contaul/. The first method, when the 
surface upon which the picture was ilcvelopcd 
forms the final resting jdaeo for the image, is 
termed ‘ single transfer ; ’ and the second, when 
such support (termed ‘temporary HU])port’) is 
only an iiitermediaiy, tins imago bejiig trajis- 
forred to another medium, is calbal ‘ douldc 
transfer.’ It will be .seem tliat in the first case, 
the imago is laterally inverled and if such in- 
version be objectionable a revtu'sed negative 
must bo used. Ihit in many cases — us for 
example, in studio portraiture— it is not con- 
venient Lo make reversed negatives, and so tlic 
double transfer proees.s must be used. 

lu order to secure adhesion of the exposed 
tissue to the sujjport it is necessary that its 
outer margin he tacky. The gelatin must, 
therehm*, be unacted upon. This is secured by 
rendering the margin of the negative opaque 
either by means of black varnish or by opaque 
paper applied to the side. Tliis is termed 
the ‘ sale edge.’ 

When the exposed and moistened tissue is 
‘S(iU(iegeed ’ down upon glass all air between 
the .surfaces is exeluded and they adhere by 
atmospheric ])reH;';iire. .'Vny smooth imperme- 
able medimn may thereforo act as a temporary 
supj)ort. idnely ground ox>a] glass is the most 
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generally used, the white surface being an 
advantage because it enables the printer to 
judge when development is complete. The 
opal receives a ^weliminary film of wax and 
resin and upon this surface the carbon tissue is 
developed. If, however, the film is to remain 
on the opal this treatment is omitted. 

The hnal supjport for the image in the double 
transfer process is generally jjaper, which is 
prej>ared by coating the surface with gelatin 
containing a small quantity of chrome alum. 
The carbon image is moistened together with 
this paper and the two are brought into intimate 
contact by the squeegee. The tAvo surfaces 
adhere so tenaciously on drying that when the 
paper is pulled away from the support the image 
is found to be firmly attached. Instead of 
ojAal glass a temporary support of paper may be 
used (SuAvycr’s temporary flexible support), jAre- 
jAared by coating strong paper Avith a solution 
of gelatin containing chrome alum, and, after 
drying, Avith an aqueous alkaline solution of lao. 
The paper is afterwards rendered smooth by 
calendering. Such support is very convenient, 
and must he used Avhen it is desired to 
transfer the image to a rigid final support. 
When a reversed negative can bo employed, the 
image may be developjcd directly upon the paper 
AA'hieh forms the final support. Such paper is 
first rendered impermeable to air by coating 
Avith gelatin solution containing chrome alum, 
and such coating, Avhon dry, is insoluble in the 
hottest Avater ever required for development of 
the tissue. 

As carbon tissue shoAvs no visible change on 
exposure, the time is determined by trial, an 
actinometer being used, the indications of 
which servo for subsequent prints, when the 
correct exposure has once been found. The 
precise procedure for the production of a 
carbon lArhit by the simplest process, that of 
‘ single transfer,’ is as folloAVS : the negative 
first receives a safe edge and a tissue is exposed 
for the correct poriotl. A shoot of transfer 
paper XAreviou.sly Avell soakoil in cold Avater is 
placed in a tank of Avatcr at ordinary tempera- 
ture and the cxjAosed tissue is introduced and 
this, Avhen moist, is brought exposed side doAvn 
upon the transfer lAaper, the tAvo are Avith- 
draAvn and placed upon a flat surface and 
squeegeed together, after Avhich they are alloAVod 
to stand under slight pressm-e for 10 minutes. 
The mounted tissue is afterwards put into 
Avater at 30°. When the soluble gelatin oozea 
from the edges of the tissue, the backing papAor 
is gently pulled away aiid Avater is carefully 
laved over the surface, until the imago is fully 
developed. The print is then rinsed in cold 
Av^ater. It is noAV p)laoed in a 2-} p.c. aqueous 
solution of alum fur a few minutes, after Avhich 
it is Avashed again in cold water and then dried. 
The dried picture is ready for mounting or lAiay 
be kept unmounted. The procedure is identical 
for double transfer pioturcs devoloxAcd upon a 
temporary support. To transfer to the final 
sux*port the jci. j«ri,er drying, soaked in 

cold Avater . ■ d ' ' . . The final suxAport, 

Avhioh has been soaked in cold Avator until quite 
soft, is placed together with the print in Avater 
at 25°, Avhero they remain for a brief period. 
The final suiAport is adjusted over the image, 
the two are removed in contact, *s((ueegecd,’ and 
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allowed to dry, when the transfer paper can be 
pulled away and will carry the image with it. 

Indirect 'processes for carbon printing. 
A process termed ‘ ozotype,’ ' introduced by 
Manly, enabled carbon prints to be produced 
without the direct exposure of the tissue to 
light. A sheet of sized paper is coated with 
potassium dichromato and a manganese salt 
and dried. It is exjrosed under the negative 
and from the appearance of the visible image 
the duration of exposure req^uired is judged. 
The printed sheet is washed in water and dried. 
A piece of carbon tissue or, as it is termed by 
Manly, ‘ pigment plaster,’ is soaked in an acid 
solution of a reducing agent, and this is squee- 
geed into contact with the print. The com- 
bination is allowed to stand, after which the 
‘ pigment plaster ’ is developed in the same 
way as an ordinary carbon print. The reducing 
solution used is composed of copper sulphate, 
quinol, acetic acid, and glycerol, m water. 

Another method due to Manly and largely 
used is ‘ ozobrome.’ A print from the negative 
is first made upon silver bromide or upon 
so-called gas-light paper {see page 229) winch is 
thoroughly washed after fixation, hardened in 
formalin solution, again washed and dried. 
A sheet of pigment plaster is soaked in a solution 
of potassium dichromate, ferricyanide, and 
bromide, and is brought into contact with the 
face of the bromide print which has previously 
been soaked in water. The two are squeegeed 
together and allowed to remain for about 
10 minutes. The ‘v’" aerations of 

development may , ■ . The print 

may be developed in situ on the bromide print, 
or the acted-npon tissue is pulled away and is 
squeegeed down upon transfer papers. In both 
cases, development is the same as for carbon 
printing. If the latter plan is adopted, the 
bromide print can be utilised again, if it is well 
washed and subsequently redeveloped. When 
the carbon print is developed directly upon the 
bromide print, the bleached image — ^which 
results in the process — is removed by means ot 
a solution of sodium thiosulphate and potassium 

iji -vzater. 

'■ ■■ ' ' ' . In this process gum 

arabic replaces gelatin. The sensitive surface 
is prepared by coating paper with a solution of 
gum arabic, potassium dichromate, and pig- 
ment. The paper is exposed under a negative 
and afte-. ■ ) ■ ’ 1 by wasliing in warm 

water, t ■ . ■ < removing the soluble 

portion . ' ' ■ . ■ , assisted by attrition. 

In this metliod, the rendering of gradation is 
imperfect, but the results in the hands of tasteful 
and catiable workers are frequently very 
pleasing. 

Oil Frinting. A sheet of dichromated 
gelatin- coated paper is exposed under a nega- 
tive, washed in cold water and dried. It is 
then soaked in water until the imago is in relief, 
when the print is removed and the superfluous 
water removed by a clean cloth. If a brush 
charged with a varnish pigment (lithographic 
printing ink) be applied to the damp print with 
a dabbing motion the ink will be taken by the 
tones of the print in proportion to the degree 
of insolubility — ^in proportion to the light action. 

A slow motion of the brush wfll deposit ink 
which may afterwards be partially or entirely 


removed by a more rapid dabbing action. Inks 
of different degrees of stiffness are required and 
much skill is necessary in the inking. ^ 

Oil ininting is ic’ ' ' with the 

Collotype process (tSi ' . jrocesses). 

‘ Bromoil ’ is a .. ■ printing 

due to C. Wclborne Piper. A bi-b’y V' 
silver bromide print is treated '.. ii'! i 

which is identical with that used for the ozobrome 
process {v. ante), but containing in addition 
ordinary alum and citric acid. The print — 
which is bleached by this solution — is treated 
with dilute sulphuric acid followed, after washing, 
with a solution of sodium thiosulphate, and is 
again washed. After removal of the superfluous 
water, the print is ready for inking (pigmenting) 
after the manner briefly described under oil 
printing. A considerable number of modifica- 
tions of the first (bleaching) solution have been 
proposed and used. 

Bitumen. The changes which are produced 
in dichromated proteids and carbohydrates are 
not only utilised in pure photograxfliy, but have 
very important application in iflioto-mechanical 
printing surfaces which are described below. 
Prior to their use for the purposes detailed, 
bitumen was employed, which did not, however, 
offer the same opportunities. 

Bitumen of Judtea {see vol. i. p. 314), if ex- 
posed in thin films t(j light, becomes so changed 
that it no longer dissolves in tuip(,‘ntine, and 
this enables it to be used in the making of lino 
and half-tone relief blocks and in i^hoto-litho- 
graphy. A solution of Ijitumen in benzene is 
applied to the surface of a polished zinc xflate, 
and after exposure under a suitable negative, 
is treated with turpentine. The unexjiosed 
parts dis,solve away, leaving an image in in- 
soluble bitumen, which is cax)ablo of i)rotecting 
the metal from the action of the mordant and 
furnishes therefore the means for etching into 
relief as described under the heading of Line 
etching. 

If ibho bitumen, as it occurs, l)o j)owdcred and 
digested with ether, a iJortion of the mass is 
dissolved leaving an insoluble residue which is 
soluble in turpentine. A solution made from 
bitumen so prepared yields films of a much 
higher degree of sensitiveness than ordinary 
bitumen. In spite of tlus and of other methods 
(combination with sulphur) for enhancing' the 
sensitiveness, the body is relatively inseiif-itivo 
as compared with dichromated mixtures and is 
now practically out of use exccijt for certain 
photolithograjjhic processes. 

Stmi’Aci!! Processes. 

Photo Uthograg^hy. A lithograi)hic i)rint is 
a picture in varnish-in’. ■ ■ ’ ’ " ■ xhe 
surface of a calcareous ' ■ , . • ■ ■ : . . the 
design upon the stone which produces its 
selective attraction for the inlc upon the inking 
roller is produced by drawing upon the surface 
with a fatty medium, but the original d(;sign 
may be copied by photography and trans- 
ferred to the stone from which i)rints may 
afterwards be produced. Such copies are photo 
lithographs. Any drawing in pure line or in 
continuous tone may bo roirroduced in this 
way. Two methods are adopted — direct and 
transfer. The negatives most suitable for the 
production of prints in lino are made by the 
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collodion process. The negatives must ho 
reversed. For the ‘ direct ’ process tire surface 
of a \iWj 11 -polished lithographic stone is warmed 
and is then coated evenily with a solution of fish 
glue (or albumen) and ammonium dichromate 
in water. The film should ho thin. After 
drying the stone is ready for exposure. For 
small subjects an ordinary glass negative may 
be used, which is pressed into contact in a 
specially constructed frame with plate glass 
front. It is more satisfactory, and is indeed 
necessary with large sizes, to use thin film 
negatives, which may bo arranged on the ijlato- 
glass bed of the frame over which the stone is 
then placed. To avoid the cost and incon- 
venience of larger frames, tho film negatives 
may be gently ‘squeegeed’ into contact with the 
sensitive surface, using as a cementing medium 
a solution of mineral oil in naiihtha, all traces of 
which may afterwards bo removed by treatment 
of the surface by naphtha, followed by benzene, 
without damage to the exposed sensitive 
coating. The film negatives which should be 
collodion films, strengthened before removal 
from the glass plate by coating with a solution 
of rubber in benzene have no ‘ spring ’ and 
adhere easily. 

After suitable exposure the surface of the 
stone is coated by means of a eomiiosition roller 
with a thin film of lithographic transfer ink 
thinned with turpentine or naphtha. After 
evaporation of the solvent the surface of the 
stone is flooded with w'ater. On gently rubbing 
with a tuft of cotton wool the unaffected x>ortions 
of tho coating wash away carrying their covering 
of ink, and there remains an image of the in- 
soluble fish glue bearing upon its surface the 
coating of the fatty transfer ink. 'J’he stone is 
then covered with a solution of gum arabic in 
water which is allowed to dry, after which it 
is ‘prcferahly allowed to stand for a few hours, 
when it is ready for li- ;■<),,! t'lii;; printer, 
to bo ‘rolled up’ wi.i lil I- w.r.i ji:-.ic printing 
ink, dusted with resin II. io the ink 

image, etched with very dilute nitric acid, 
" washed out ’ with turi)cntino and again rolled 
up with ink, when an ■' taken 

in the lithographic x . ( ' ■ ‘ ■ and 

additional matter may easily bo put uimn the 
stone. The effect cjf the treatment to which 
the stone has been subjected has been to form 
upon its .surface an image in fatty salts of 
calcium. This image rejects water whilst the 
unaffected portions of the stone hold water. If 
while tho surface is in a damp condition, 
varnish ink (pigment and linseed varnish) be 
applied, such inlc will be deiiosited uixm tho 
image but not upon the dami) portions of the 
stone where no fatty salt has been formed. 
I’his, in brief, is the loading principle in the 
production of an image by lithography. If 
paper be laid down upon tho inked surface and 
pressure be applied, tho ink is transferred to the 
paper, and tho cycle of operations — damping, 
rolling, and printing — is repeated for sulrsequent 
copies. 

If tho original picture to bo copied be in 
continuou.s tone, a ruled screen negative {see. 
Half-lone screen ymocess) of a particular type is 
mad( 3 , which is used lor printing upon the 
coated stone as do, scribed. Such inocoss re- 
quires considerable attention to detaila, e.apeci- 


ally in the selection of the stone and preparation 
of tbe negative, and finds its most u.seful apidica- 
tion, not for monochrome, where the copies 
tend to show a flat scale of gradation, but for 
photo-chromo lithography, in which a number 
of separate impressions in different coloured 
inks from different stones are superimposed, 
after the manner of the h'l . ■ ’ ■ ■■ for 

the production of pictr. ■ ■ ■■ ■ . an 

original in colour. 

In the transfer process a sheet of paper 
surface coated with gelatin (iJhotolitho papier) 
is immersed for a few minutes in a 5 jj.c. solution 
of potassium dichromate and afterwards dried 
in the dark, iJreforably in a freely moving current 
of air, in order to ensure raind. drying. It is 
then x)rinted under a negative (unreversed) of 
the subject in line to be copied, care being 
taken to ensure perfect contact of paper and 
negative, and to avoid undue exposure to light, 
which causes increase in the tluckness of tho 
lines forming the image. After expo.sure, the 
sheet is placed on a flat surface and coated with 
‘ transfer ’ inlc by means of a roller, avf)iding 
excess. After evaporation of tho solvent, tbe 
inked .sheet is placed in water at 16° (approx.), 
where it is allowed to remain for a few minutes, 
when it is removed and placed face ujpwards 
upon a sheet of glass. The unexposed i)ortions 
of tho gelatin absorb water and swcU ; such 
action does not take place in the exposed parts 
to more tlran an appreciable extent. tJx)on 
gently rubbing with a tuft of moist cotton wool, 
the ink will leave the swollen parts but adhere 
to tho exposed portions. When this process of 
devoloiJinent is complete there will remain an 
image of insolubilised gelatin bearing a coating 
of inlc, upon a ground of clean gelatin. This 
picture — the transfer — is then allowed to dry. 
It is afterwards damiied, when tho ink image 
may ])e tran.sferred to stone by tho usual 
procedure. 

Transfcr.s produced from screen negatives for 
the jnoduction of sulqects in continuous tone 
are onl.y satisfactory u'hcn the negative, s are 
made with coarse screen, owing to the tendency 
of the dots to spread, first in tho exposure, 
afterwards in the inking, and finally in the 
transfer process. 

The advantage of tho direct over the transfer 
process lies in tho avoidance of .stretch, a 
necessary conHcquence with ])apcr, but in 
ordinary routine work tho transfer process is 
the mfithod most generally used. 

Photo lilhariraphy in tone. A process for 
tho production of continuous tone subject, s — 
nature negatives and copies of drawings — 
deiiends upon the fact that if the thickness of 
tho gelatin coating upon a gelatin ‘ transfer ’ 
paper be increased and contain in addition to tho 
dichromate other .substances as, for example, 
sodium ohlorido and potassium ferricyanide, 
tho film, after exposure under an ordinary 
negative and soaking in wnter, will .swell and 
reticulate in varying degree according to tho 
amount of light action produced under the 
— -.c negative. This reticu- 
■ : ■ , ■ of the transfer means that 

the film will no longer be continuous in one 
jilane but broken uj) into ‘ grain,’ and if ink, 
transfer ink for example, bo airplicd, it will 
adhere to the imago in isolated masses of 
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varying size, which are capable of producing the 
illusion of shading. The ‘ grain ’ can be varied 
to suit the subject; and the finer the detail to^bo 
rendered, the iincr the ‘ grain ’ should be. The 
ink image is eventually transferred to stone (v. 
also Collotype). Prom the finished stone, 
transfers can be taken which can be utilised in 
the production of a series of new stones, which 
after careful modification by hand can be em- 
ployed in the production of pictures in colours 
by chromo lithography. 

Photozincography and photoalagraphy are 
processes in which zinc and aluminium are used 
in place of the lithographic stone as the printing 
surface, and the methods employed are similar 
to those described. 

Collotype. A collotype print is a picture 
in varnish ink obtained from the surface of 
ohromated gelatin which is supported upon a 
rigid body, generally glass. Such a surface is 
produced by exposing the dichromated gelatin- 
coated glass under a negative and afterwards 
removing the unaltered chromium salt by 
washing in cold water, when the film is dried 
spontaneously. If the film be afterwards 
moistened with an aqueous solution of glycerol 
and ammonia, such solution will be absorbed, 
and the gelatin will swell slightly. If the 
excess of such ‘ damping ’ solution be removed 
and a charged roller be passed over the surface, 
the ink from the roller will be taken by the 
different parts of the film proportionally to the 
amount of light action which has taken place 
during the exposure under the negative, and this 
ink may be readily transferred to paper by simple 
pressure. By this process it is therefore possible 
to render automatically by purely ohemico- 
physical means the gradations of light and 
shade in the negative in such a form as to bo 
utilisable in the printing press. It is interesting 
to compare this process with Woodburytype, 
where the translation is mechanical, and with 
the half-tone block process, where it is produced 
by optical means. 

Provided that a suitable negative bo made, 
any subject can be rendered in collotype. The 
plates may be printed in the press, where the 
manipulations are w'holly by hand, or in the 
machine, where the damping, inking, and priirt- 
ing are mechanical. The rate of printing of the 
best class of collotype is slow% The process is 
valuable for the reason that it is capable of 
yielding pictures the gradations of w'hich are 
faithful to the negative and, as compared with 
the half-tone block process, without the dis- 
turbing effect of the regular dot formation. The 
variety of printing paper that can be used is 
considerable, and because of this fact the process 
has additional value. 

Por the preparation of the printing surface 
a sheet of plate glass, | to inch in thickness is 
finely ground upon its surface and is then 
flowed over with a solution of an alkaline 
silicate and white of egg. After evaporation of 
the water, the plate is heated to about 60°. It 
is then cooled and washed in cold water and 
afterwards allowed to dry. This process is 
termed ‘substratuming,’ and its purpose is to 
cause a cleposit of silica upon the glass. This 
deposit, in addition to the roughness of the 
glass, causes the subsequent film of gelatin to 
adhere strongly. This device is necessary 


owing to the mechanical strain upon the lilni 
caused by the operations of rolling ami 
printing. 

The sensitive film is pnjduticd by coating 
the plate with a solution of gelatin and alkali 
dichromate in water. The gelatin us.td nnist 
be of high grade and of medium ‘ hardness ’ and 
free from fatty matter, fi'hc ])re])are,d glass is 
warmed and levelled, and the requisite quantity 
of the solution i.s poured u])f)n the surface and 
spread, preferably by the clean lingei’. Hrying 
must take place by evaporation at an devaled 
temperature — there is no int(;rjnediat(‘ .s(;l,(Jng 
to form a ‘gel.’ Upon correct conduct, of this 
drying the .succcs.s of the jjlate maker Largely 
depends. To thi.s end, the plate r(ad,.s upon 
levelling screws in a drying oven, which is a 
box — generally construct.ed of wood — large in 
volume, and kept at the suitabk; tcmiierature 
by means of a steam or hot-water radiator. 
Gas or oil heating may be u.si^d, provided that 
care is taken to prevent the product h of (!om- 
bustion entering the chamber containing the 
plates. The construction of flu- oven must ho 
such that there is no internal vibration ami 
that there are no ‘draughts.’ Railing these 
conditions the film will dry with an umjven 
surface — a fatal defect. The top of the Ijox 
must bo covered with a fabric winch w ill permit 
the passage of the water vapour from the platcK 
out of the’ oven. 

The oven temperature, varied between 
40°-60°, influences the character of flnt film. 
When the film of gelatin i.s dry the oven is 
allowed to cool, and afterw'ard.s tlie plates are 
removed and are kept in the <]ark. 'liie films 
will remain in good conditifm for 1-2 day.s, 
depending upon the atmo.s'pheri<! surnmndingw. 
If, how'over, storage takes iilace in an artificially 
dried atnio.s])here, a.s in a storage box eontidning 
a tray full of calcium chloride, l.lu! plale.s may 
bo kept 5-6 days. Heierioration is due lu 
' “■ ' ' ilisation of tin; film. Ror 

inv(!r(ed mg.alive;; are re- 
. , tlui plut(‘s are jainled 

(expo.scd), in the ca.se of small jaihiires, from 
glass- plate negatives. More piniect, coni act 
between the .surf a CCS is obtained by printing Irom 
flexible film negativc.s pnqaired for the purjiose, 
which arc laid upon tint plate ghnis li<-d of the 
printing fra me. By mean.s of thin liti foil mieh 
negatives are ma.sked at Ihe marglmi tu show 
only the amount of .subject recpiired, itxjio.' ine 
take.s place in' the ordinary w'ay, hid the fr.'une;; 
have u.sually no hacks, so that the imder .side 
of tlic film may he exaniineil in order to ohserve 
the progress of printing. The film darlien.s in 
proportion to the duration of expoiaire. Iduia Ilf, 
the printer determnu’.s the eorrisd, amount, re- 
quired by judgment. When the jilate has been 
exposed sufficiently, it is removed, and in then 
quickly and evenly immer.si.-d in water or it may 
bo Hooded, Wa,slung continues nidil the free 
dichromate is removed, w'hen the film will be 
practically without colour. It h then dried. 
Examination of t.he plate before drying, at Ibis 
stage, shows that the image is in '.slight reliifl 
and that it is reticulated. A certain amount of 
grain’ is required to ensurii suecessful printing 
at the pros.s, but such ‘grain ’ nbould not be 
obvious to the unaideil eye. The following 
conditions influence the chHr.icter of the ‘ gi'jun 
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kind of g(!latdn ; thickness of film ; propor- 
tion ciicliromato present; the particular 
alkaline di chromate used ; drying tempera- 
ture ; length of time the plates have been kept 
previous to exposing under the negative ; the 
after treatment of the exposed and washed-out 
]datcs and the addition of special salts, as, for 
example, calcium chloride and potassium ferri- 
cyanide iv. also Photo lithography in half-tone). 
For special purposes — ^for example, amongst 
others, the moans of making transfers for half- 
tone’’” ■ ■ 'i' ■ . I ?epared 

to gi ■■■!■■._ ■ ■ i ■ of the 

last two named substances, although this is not 
the only method, nor are they when used the 
sole determinants. 

Printing. The plate during printing must 
be in a damp condition. Tliis may be secimed 
by simple water damping, but when water alone 
is used, frequent application is necessary, which 
makes print making a slow process, and moreover 
is useable only for hand-press print. Generally 
water containing a hygroscopic substance as, 
for instance, glycerol or calcium chloride, is used 
with addition of ammonia which softens the 
film. When the fdm is in a sufficiently moist 
condition, the superfluous solution is removed, 
the plate is ready for the press or machine. 
I’Juring printing, the cUmping solution is re- 
applied to the ink-free film as required from 
time to time. 

The printing inks used must be specially 
prepared from finely ground lakes and other 
suitable pigments. No body of a gritty charac- 
ter should be used. The mediuin should be 
linseed varnish of high quality : nmi-drying oils 
and fatty matter must bo 'avoided. As the 
film of ink allowable upon the imago is very 
thin, the iiKuIium should be ‘ loaded ’ with 
pigment anrl in consequence collotype inks of 
high grade arc very stiff. For use, the printer 
employs as reducing agent when required 
‘ middle ’ and ‘thin ’ linseed varnish. 

'.I’he rollers used are leather, ‘nap’ and 
smooth, and also gclfitin composition. A nap 
roller, (finarged with stiff ink, is applied to th(3 
]ilat(! and with frequent rolling the dai’k and 
middle tones are ])roduced, after which the 
smooth heather or composition roller, covered 
with thinner ink, is ustsd for the more delicate 
gradations. After inking, the ink from the 
plate is transferrcvl to the paper (or sometimes 
a fabric) l)y pressure. The paper used must be 
of aiiHorbeiit naf.ure and of medium liardness. 
(tivrni tluisc condil.iouH, considorablo variety is 
pfjssiblo. 

• Gollotypo. in colour. If the grain of a collo- 
tyi>o plat(3 is fairly pronounced, it is possilile to 
transfer a printed image to a lithographic stone, 
and hy such nujans beautiful colour work has 
been done. For such productions, plates arc 
specially ])re]jarcd from negatives which have 
r(;ceiv(;(l considerable modifioatiou (by re- 
tcjuching and masking), so that the gradations 
are nlafl(^ i.o coincide as far as possible with the 
amount of parficular printing colours required 
for any region, when superimposition of the 
(liffcrc.nt printings will yield the hue required, 
d’ho stones forming tlu! scries for any picture 
require cfjusidorable correction at the hands of 
a conquitent lithograx^hic draughtsman, and it 
is largely owing to his skill that good results are 


due; hence the p)rocess, although interesting, 
is little used. 

Another method is to print from several 
plates in separate colours from cUfferent negatives' 
which have been modified by hand work, super- 
imposing the coloured impressions. The most 
perfect method where collotype is used is to 
produce one or two of the necessary printings 
from collotype plates, generally in neutral 
tints, and to complete the picture by hand- 
^a— !' atones. This process yields 

in . ' ‘i beautiful results. Collotype 

has been employed also in the three-colour 
process — ^for which it is, ah initio, unsuitable. 

Collotype pure and simple, by reason of the 
fact that a printing surface of damp gelatin is 
used — which is liable to be afliected by changes 
in the hygrometric condition of the atmosphere 
— ^is a process difficult to work so as to produce 
very uniform results. Whilst slight variations 
are not serious in monochrome printing they 
become so when colour work is attempted. For 
this reason, mainly, collotype in colours is 
difficult and in consequence the products are 
relatively costly. 

Relieit Pkooess. 

In the pictorial representation of any 
object the form is rendered either by pure line, 
as in simple pen and ink drawing where the 
lines may be assumed, for simplicity’s sake, to 
be all of uniform depth of colour, or by patches 
.of pigment of varying intensity, either in mono- 
chrome or colours, as in a waali drawing or in an 
oil painting. The former may be termed 
‘ broken ’ tone and the latter, ‘ closed ’ or 
‘ continuous ’ tone. A third division is formed 
by a combination of both these methods — a 
picture may be formed of washes of pigment in 
conjunction with pure line. An impression in 
printer’s ink from a forme of type matter (tho 
page of this book for instance) is an example of 
broken tones : the transition from ink to paper 
is abrupt. A photographic portrait is in con- 
tinuous tone, there is no discontinuity in. tho 
shading by which the form of the person and 
■ .-.-i-.-.-.v jpreaented. 

, 1 ! ■ . the copying of which forms 
a very important part of the work of the photo 
engraver, are not always strictly ‘ broken tone.’ 
In certain cases they are so, as for example, in 
the so-called mechanical drawing, where the 
lines are of uniform intensity, and also in many 
other expressions of the pen of a formal charac- 
ter. Of these it is possibk ^ 
hut in work of a more or, '■ 

definition given does not apply, for the reason 
that there is shading even in tho lines themselves 
and much of the beauty of tie ;-'~r -’'.mrnds 
upon such variation. The ■■ .i- ■ • j’- f of 
fine en"rnving renders drawings of this charaoter 
fi r in the rendering, the forms of 

i ■;!(■.- (.Illy i'.re given, and not the variation 
in their tone. All the lines in the drawing are 
reproduced in the printing block, correct in 
form, in relief and in the same plane. When 
the printing roller passes over the surface all 
the lines receive ink to the same amount for 
equal area, and this ink is eventually delivered 
to paper. The consequence is that lines of 
different intensity in the original are repre- 
sented as the same intensity in the copy, with 
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falseness of eifect as a result. It is possible by 
moclifying tbe lines in the etched relief plate by 
means of the graver to vary the area of metal 
and thus to vary the amount of ink delivered to 
the paper, and in this way to alter the intensitj' 
of the printed lino. For example, a line which 
prints too dark may be reduced in width, may 
be split or cut up into dots. In any of these 
alternatives the eifect AviU be to show a lighter 
tone in the print. By such means a facsimile 
of effect of the drawing is possible, so that to 
the eye the copy appears as the original drawing. 
In order to produce a rendering of the con- 
tinuous tones or shading of a wash drawing or 
a nature photograph by means of a type-high 
printing block, it is necessary to have recourse 
to a device. This device depends upon the fact 
that if there be placed upon white paper a 
regularly disposed series of black dots, the 
assemblage when examined at such a distance 
that the angle subtended by the major diameter 
of the individual dot is exceedingly small, 
the eye is unable to distinguish between dot 
and interspaces and, as a — t— 
illusion of a shade of grey ' : i'. s 

the depth of the tone depending upon the 
proportion borne by the area of the black to 
the area of the white. If the dots are dis- 
posed -with perfect regularity and are uniform 
in size, then the tone produced will be uniform 
over the area, but any variation either in dis- 
position, size, or intensity of the black dots, 
will result in tone difference. Assume, for the 
moment, tliat blackness and disposition are 
uniform, then variation in size will admit of 
there being produced a variation in the shading. 
If a series of tones, say a simply gradated patch 
of black to white, produced by washing lamp 
black upon white paper, be imitated in effect 
to the eye, by applying the foregoing principle, 
the ‘ continuous ’ tones of the patch are said to 
have been translated into ‘ broken ’ tone. The 
effect in the case of the lamp black wash is due 
to varying absorptions of the incident light by 
the varying amounts of the pigment ; but in the 
other instance, the effect is produced by <an 
illusion — by the optical dilution of white with 
black to produce different shade.s of grejn The 
use of this principle is common in graphic 
, .. It is used by the pen draughts- 

■ ■ ■ ! is seen in steel engravings, in 

the stipple Avork of the lithographer and in the 
shading produced by the juxtaposition of 
meehanioally engraved lines of uniform or 
varying Avidth and distance apart, which the 

Avood _en . for example, in the 

piotorial ■■■; ' macliinery. 

Given the dot translation of the graded 
black and ippotr "hotographed 

in the same : , , 'c ; andatype- 

high block produced in similar fashion. 

Prior to the period Avhen the modern method 
for the rendering of gradation Avas introduced, 
broken tone pictures were prepared to give a 
semblance of shading by a method of draAving 

'li pui-r b. r ii;.: a paste coating Avhich had 
! '■>■■! i irtj, I b a grain, regular or irregular, 
Avhilo the .surface AA^as in a plastic condition. 
The draughtsman drew upon tliis surface AA-ith a 
lithographic crayon, simulating the shading of 
the original draAving, Avhich Avas possible by 
varying the pressure upon his crayon. The 


absence of planarity in the surface gave isolated 
patches (irregular dots), instead of shiooth 
tone.s, which would have been produced Iiad the 
surface been flat. The finished drawing could 
now he photographed, transferred to metal by 
printing by the diehromated albumen process, 
and afterwards etched type high, or the draAving 
so made could bo treated as a lithographin 
transfer — the imago could be transferred to 
stone and printed lithographically or to zinc 
and printed in the same Avay. Again, if it Avas 
tran.sferred to zinc of suitable thickness, it could 
be etched into relief and printed by leiiterpre.s.s. 

Another phase of tlie same jdan consisted 
in employing chalk-coated paper upon the 
surface of Avhich was printed a series of fine 
linos close together, or a fine, regular, or irregular 
stipple in black in addition to the impressed 
grain. These Avere knoAvn as ‘ scraper boards.’ 
The surface of the sheet presented, Avhen 
examined at the normal di.stiuicc of Ad.sion, 
a uniform light grey tone. Drawing Avas 
effected in the way described, and the coating 
could be scraped aAvay, so liglxtcning a,ny part. 
The printed tint saved Avork in drawing. All 
parts of the board not touched by the draughts- 
man remained in semi-tone and this, Avhen con- 
trasted Avith the high light and shadoAV, gave 
the opportunity of suggesting the presence of 
middle tones by the expenditure of less labour 
in draAving than woukl have been neee.s,sa,ry 
had the tint been absent. iScraper board Avas, 
at one time, employed for the majority of 
fashion plates and other draAvings for com- 
mercial purposes. The illustrations, Pigs, a, h, 



a h e 

Pio. 0, 

! c (Pig. 9), are slightly enlarged repI’(^Hontations of 
[ portions of draAvings prudue.ed by thi.s method. 

Modern plioto engraving, hoAVover, dates 
I from the introduction of a more facile method of 
tran, station, Avhich is the opticail method of Ives. 
Such translation is eilcctod in the negative in 
the manner to he described. 

Peogk.sse.s, 

Line. The initial stages in the production 
of a relief block of a line or other ‘ brf)ken ’ tone 
draAving are identical Avith those for tin* making 
of a direct photo zincograjih {v. ante, Fhoinlitho- 
j gra-phy) and arc directed to the making of a 
fatty inic image upon th(' surface (ff a sheet of 
I zine. Provided that the metal l)e suflieiently 
['thick, the image produced for lithograiihy 
(actxmlly swicograidiy) may ho etethed into 
I relief, or the image prodinuid for relief will sen-vtA 
equally well as the starting-point f(.)r lithographic; 
printing. 

The processes of line etching now in gcincu’iil 
[use are knoAvn by the naiues of the ‘roller’ 
process and the ‘ dragon’s blood ’ process. Botli 
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of these require a print upon the surface of zinc 
whieh. prepared, by exposing the metal, 
coated with a very thin film of albumen (or fish 

: - ' - - '1 ili dichromate, under the negative 

. The exposed print is covered 
with a tlun tiim of greasy ink, the plate developed 
in water, and when rlry the imago is dusted over 
with finely divided bitumen, which adheres to 
the ink lines. The excess of the powder is 
then removed, leaving the metal clean. The 
plate is now warmed, when the bitumen melts 
and incorporates thoroughly with the ink. The 
resist which results is satisfactory for the roller 
method, but for the ^ dragon’s blood ’ process 
the ‘ transfer ’ ink used for coating the exposed 
albumen plates is replaced by a harder and 
more wax-liko ink, and the resist produced is 
capable of standing a more prolonged etching, 
which is an advantage in that more relief is 
produced with which to commence the charac- 
teristic operation of the process. The onameline 
process (see Tone, 'process) is also used for the 
making of the resist for dragon’s blood otcliing. 
In the roller method, the procedure, after the 
resist is made, is as follows : The plate is placed 
for a minute or so in a 1 p.c. solution of nitric' 
acid for the purpose of removing any traces of 
dirt from the bare parts of the metal, after 
whieh it is washed and then wiped over with a 
sponge eharged with a solution of gum arable, 
d-’ho plate is now roiled up in the lithographic 
manner with a roller charged with the so-called 
‘ starting ’ ink which is usually composed of 
letterpress ink, beeswax, and lithographic 
varnish. When the imago is strengthened by 
this ‘ rolling up,’ the plate is dried and is then 
dusted with rosin — usually dragon’s blood is 
used — after which the plate is again placed in 
fliluto nitric acid, whore it remains until a slight 
relief is obtained for the covered parts of the 
metal. The plate is washed, dried, and heated 
slightly, the offect of which is to cause the wax 
in the ink to run over the exposed edges of the 
lines — an operation requiring skill and ex- 
perience — and the plate is then cooled. 

I’his cycle of operations is repeated usually 
four times, increasing at each repetition the 
(soncentration of the acid, the amount of inlc, 
and the degree of heating of the plate. After 
the operations deaoribed are completed the 
plate is cleansed. Examinatimr will show that 
iho lines in relief liavo sloping sides with a step- 
like formation as shown in Fig. 10. The ‘ stops ’ 
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arc due to tiro successive meltings of the ink' 
.and sub.sequont etchings, and arc only slightly 
<!vidcnt if care and skill are employed by the 
(fi,c;]ror. These steps are to bo removed so that 
the lines may have smooth sloping sides. Tf the 
running of the ink has not boon properly per- 
fomied so that the sides are unprotected, they j 
will be eroded or undercut, and as a result the ' 


lines will break away in the etching bath or at 
the least be defective and an imperfect rendering 
of the drawing wiU be given. The steps or 
‘ shoulders ’ to the lines are removed by the 
operation of ‘ finishing.’ A hard, glazed leather 
roller is ch<arged with a strongly resisting ink 
(composed of good lithogr.aphic' printing ink, 
beeswax, and bitumen) and vith this a thin 
film is applied to the surface of the lines of the 
previously cleaned pilate, after which the plate is 
placed in dilute nitric acid. This removes the 
stej) ’ near the surface of the line. The plate 
ii3 washed and dried and again rolled up, but this 
time the roller is pressed down during rolling 
so as to coat the straight edge of the side of the 
line loft by the first finishing bath and the pjlate 
is again etched until the remaining ‘ shoulder ’ is 
removed. 

In the dragon’s blood process, the plate is 
given a first etch for a longer period than in the 
roller method. The subsequent protection of 
the sides of the lines is offeeted by what is called 
a ‘ banking ’ of the resin. This banking is 
made l)y brushing across the plate, by means of 
a large flat brush, finely poAvdered dragon’s 
blood which is, by reason of this operation, 
mechanically held against that side of the line 
AA^hich faces in the opposite direction to that in 
Avhich the brush is travelling. The amount of 
banking is varied by the angle at Avhich the 
brush is held.^ When the excess of rosin is 
removed the plate is gcnlly heated, Avhen the 
resin melts sufiiciontly to 'stick to the metal, 
after Avhiph it is cooled. The ‘ bairking ’ is 
repeated from the remaining three sides of the 
plate, so that every lino, in no matter Avhat 
direction it may bo, receives protection. In 
some cases, extra ‘ bankings ’ may bo Avantod. 
The plate must not bo heated sufficiently to 
cause the resin actually to flow. After the 
sides of the lines are protected, the plate is 
etched, Avhen the banks of rosin gradually break 
aAVay and the edges of the lines beghi to be 
exposed, fiflie plate is Avashod, dried, and the 
juotcction of the sides again performed, and the 
etching repeated. These operations are con- 
tinued until sufllcient rediof is obtained. To 
secure adequate protection for the surface of 
the line.s, the plate is usually rolled up once 
Avith a resisting ink, the rosin afterwards adhering 
to this, and Avhen the plate is heated incorporating 
Avith it. 

After the main etching, the plate is cleaned, 
and then may require a ‘ finishing ’ hath, but 
the ‘ finishing ’ is not required to the same extent 
as in the plates produced by the roller process. 

Etching is gcmerally [Acrformed in largo 
carthcnAA''aro troughs sup]')orted upon rockers, by 
which a scc-saAV motion is given, bnt it is be- 
coming noAV the practice in large establishments 
to etch by meatis of etching machines Avhich 
mechanically deliver a spray or stream of acid 
against the plate. The etching is more qiiicldy 
performed, and there are attendant technical 
advantages. The poAvdering Avith dragon’s 
blood may noAV bo done, by a special macliinc. 

The advantage of thfs dragon’s blood process 
lies in its speed and case, compared Avith the 
roller method . 

Where there are large ar('aH of bare mcd.al, 
it is necessary to ol)tain considerable depth, tlus 
actual depth being mainly dependent uj)on the 
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mclth apart of any two contignoiis ink-bearing 
portions standing in relief. Tlio removal of 
the metal by etching is lengthy, and is, more- 
over, wasteful of nitric acid. In modern prac- 
tice, it is the custom to avoid, as far as 
possible, this ‘ deep ’ etching by removing the 
metal in the more open spaces by means of a 
rapidly rotating cutter in the ‘ routing ’ 
machine. 

The etched plate is afterwards trimmed, and 
is then mounted upon a block of oak or maho- 
gany ‘ typo high,’ when it is ready for the 
printer. The satisfactory mounting of the 
plates is one of the most serious problems of 
the block maker, there being at present no 
entirely good method. 

Tone processes (‘half-tone’ or ‘process’ 
blocks). In these processes we use the principle 
of translation of continuous tone into broken 
tone described. Any picture, whether drawing 
or photograph, may bo represented by the half- 
tone process, which is the most common of 
modern illustration methods. Given a picture, 
such constitutes the starting-point, but if an 
object in relief is to be portrayed, an ordinary 
photograph must first be made. Except in certain 
cascs-^where the range of contrast in the subject 
is slight — this is the rule. Such i^hotograph is 
the original. A secondary negative is-now made 
— the original is again photographed — and it is 
in this second photograph that the translation 
of tone is made into dot and from this negative 
the metal printing-surface is produced. 

To produce the half-tone negative there is 
placed, some little distance in front of the 
sensitive plate, during the exposure in the 
camera, a sheet of glass having a large number 
of small apertures, the effect of which is to 
translate or break up the shading of the ordinary 
photograph or drawing into dots of various sizes 
in proportion to the brightne.sses of the tones. 
This glass plate is termed the ‘ruled screen.’ 
It is formed of two plates of flat transparent 
highly polished glass Avhich arc cemented into 
optical contact. These have, upon their inner 
surfaces, a series of alternate opaque and clear 
linos which are usually of equal width, and their 
direction forms with the sides of each plate an 
angle of 45°, but from different sides with the 
two plates. The result is that Avhon the plat.c‘.s 
are in contact there is produced a scries of 
square transparent openings. The number of 
lines to the linear inch Avith different screens 
varies from 50-250 and as the spaces and linos 
are equal we have linos equal to A-^th to ^^gth 
in. The effect produced by the different 
rulings Avhen the screens are used for negative 
making is to give a variable number of dots to 
the superficial inch, each dot corresponding to 
an opening. The greater the number of dots 
upon unit area the finer the gradations (detail) 
in the translation. It may, hoAVOver, bo taken 
that for foAv .subjects is it nece.ssary to use 
screens having rulings finer than 176 lines to 
the inch. 

Such screens are made by coating the surface 
of glass Avh ^' A -'ouU.-i .V.., »^'^‘dium Avhich is after- 
Avards cut , ■ ■.. ! . of a diamond point 

in a special form of ruling machine leaving the 
glass exposed. AftorAvards the plate is subjected 
to the action of hydro fluoric acid, the resisting 
medium is cleared away and the etched lines 


are then filled in Avith a black pigment. On 
completion, there is shoAvn a series of d^Aaque 
lines upon a transparent ground. Tavo such 
plates cemented in contact form the screen, the 
appearance of AVhich is .shoAAm by Fig. 11. 

The placing of the screen is not a matter of 
simplicity, so far as its di.stauco is concerned. 
It is necessary that the poisition be oho, sen after 
consideration of the camera extension, tho lens 
aperture, tho .screen ruling, the subject and the 
negative-making process, Arhich is most usually 
Avet collodion. If the screen be placed in clo.s'e 
contact, dots will be produced, but they Avill be 
of equal size, and all gradation of tone Avill ho 
lost. The dots Avill also ho variable in density 
Avith this uniform size Arhile they should ho 
variable in .size and uniform in den.sity. If tho 
screen be placed too far aAA'ay the .sizes of the 
dots Avill not be correct. In the ease; of too 
groat di.stanco, the effect of tho screen for some 
tones Avill be lo.st, the tones Avill ho continuous 
again and if a further distance than this be 
taken the effect of tho screen Avill be Avholly 
lost. In such a position the screen acts, to ail 
intents and purposes, as a sheet of neutral- 
tinted glass. The .success of tho process in 
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practice depends, after correct distancing of the 
screen upon exposure (Avhich is made in part 
AVith one aperture of sraeall size and in part AA'ith 
ono of much larger opening — a plan Avhich is 
neco.ssary in all oases Avhero there i.s any 
considerable range of contrast in the original) 
and upon the proce.ssoR of dfn'oloprneni. re- 
duction or clearing and inteneilicdtion Avhitili 
folio AA'. 

From tho negative the print upon meial, 
Avhich is to form th(! re.sist to the eLeliing mor- 
dant, is prepared. U.sually, for t.lui ho.st clas.s 
of Avork, half-tone block, s arct prej)arcifl uprni 
copper, and tho proce.ss employed is that known 
as the ‘ enamulino ’ or ‘ fish ghu^ ’ method. A 
sheet of polished copper is coated Avith a visenu.s 
solution composed of fish glue (gcilato.sc) and an 
alkali dichromate in Avater, ainl th(» resulting 
film is dried by gentle heat. Tho coated plate, 
is exposed under the negative, Avhen the porlioiLs 
expo.sed to light change and become iu.soluble 
in Avater, Avhilst those parts undm’ tho dots 
remain unaliccted and so retain their .solubility. 
After expo, sure, the plate is ■ Ava.sh(;d in cnid 
water until all the soluble portions are remoAvd 
when the plate is dried. There is noAV on the 
.surface of tho metal a print, the tones of Avhieli 
are produced by dots of varinu.s siztjs. 'The 
metal is strongly hciated, Avheu tlu! print changes 
in chari,"!- !, ■e -n::: ■ hard and (siamel-like, in 
Avhich ;■.■!><■■! cool, it Is capable of 

with.standing tho mordant — ^ferrio chloride — 
AA^hich rapidly attacks tho uncovered metal. 
Upon etching tho protected parts are lefl, 
standing in relief, tho nece.ssary condition for 
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the printing press. In most cases, the auto- 
inatrc process is a.ssist('d l)y a process of selective 
or ‘ fine ’ etching. If the tones in any part of 
the plate are not such as will give, the desired 
shades, if for example, the dots are too large, 
which means too dark a shade in the print, the 
remaining portions of the etched plate are 
covered over by a resisting medium applied by 
means of a brush and the plate is submitted to 
a further etching. It will be noted that in the 
dc.scription, no mention is made of any protec- 
tion to the .sides of the dots as the etching 
proceed.s, whilst reference to tlie explanation 
of the mode of producing lino plato.s will show 
that elaborate precautions are taken to such 
end. 'J'he act^jal ‘ depth ’ or ‘ relief ’ required 
in a half-tone block is extremely small, for the 
rea.son that the ink-bearing elements — the dots 
— are very cIo.se together. But lateral action 
docs taJee place, witli the rc,sult that, owing to 
under- cutting, the .size of the dot portion 
decrea.se.y and a.s a con.serpjcnce the ink-bearing 
capacity is lc.s.sened and .so the dot prints lighter. 
Allowance i.s made for this in the negative, so 
that the printed dot.s on the metal aro larger 
than aro recpiircd in the finished plate. Upon 
this lateral action, modification of tone by 
‘ fine etching ’ dopcnd.s, for, if the re-otohing for 
fuiy tone bo carried far enough, the ton(‘ may 
be'brought to almost any degree of lightness of 
shade. After completion of the etching, the 
]ilate is cleaned and is mounted type high upon 
wood. 

The coutinuoms tone.s of a picture may ho 
translated into isolated elements of a les.s 
regular order than obtains with the tiso of the 
ruled screen, by means of a special form known 
as the ‘ metzograph.’ This is a plate of glass 
upon the surface of which pyrohetulin has boon 
deposited by sublimation. The coating so pro- 
duced takes a vermicular form and the surface 
is afterwards etched with hydrofluoric acid 
wlnm the glaH.s assumes a similar character, pro- 
Sftnting a s(!rie.s of minute cavities, the number 
jicr unit area on the ‘ coarsene^ss ’ of the screen 
can }je varied. Such a plate appear.s to the eye 
faintly translucent. If it be placed in front of 
the sensitive surface during exposure, the tones 
are broken up into isolated particles Avhich aro 
distributed with extreme uniformity but without 
tiui mechanical regul/irity of the ruled screen 
image. The particles vary in size and shape 
and the alxsonce of the definite and regular dot 
formation is fin fidvantage in the reproduction 
of many clas.ses of originids. The negatives are 
employed in the same way fi.s tho.so made by 
the ruled screen. The charficter of the ‘ texture ’ 
produced by the two methods is shown in Fig. 13, 
a and h, by which comparison may 1)0 made. 



1 ) 

I’jo. 13. 


'I'hmi-coUmr printing hy relief hloc.hs. The 
priiiei])le,H upon which colour is rendered by the 


.so-called ‘ three-colour ’ process are given under 
the heading of colour photography {v. ante.), 
and it i.s only necessary here to shovr how these 
principles are utilised in the making of prints 
by letterpress. Brieflj’-, the 'method consists 
in making three negatives through colour 
screens, one for each of the fundamentals, and 
from the negatives, blocks are prepared Avhieh 
are printed on the principle of superimposition 
in inks approximately complementary to the 
sensation hues. 

Two proce.sses are employed, the indirect 
and the direct. In the former, ordinary con- 
tinuous tone three-colour negatives aro made, 
and from those transparencies by contact from 
which tlio three half-tone dot negatives are 
produced. Or, in the direct process, the dot 
negatives arc made direct from the object upon 
special dry plates which are panchromatic {see 
OrtJioc.hr omatic photography) and also suitable 
for ruled .screen negative making. Frequently 
such ncgativo.s arc made upon panchromatic 
collodion emulsion. There is a slight complica- 
tion in making the negatives oudng to the fact 
t:hat if there ho printed two or more impressions 
one above the other from half-tone blocks (or 
indeed fr surface whore the 

colour is form of elements in 

perfectly regular order), a pattern is produced — 
the so-called moird effect — whicli is very ob- 
jectionable. This pattern cannot bo avoided, 
but it may bo reduced to an almost negligible 
form if it ho arranged that the lines of dots 
(forming the half-tone picture) in the separate 
printing.s cross at a particular angle which i.s 
secured by the position.s of the ruled screen 
when the negatives aro raaflo. The direct 
process is only apifiicable to tho photography 
of fiat objects. If the object is in I’clief the 
indirect proeo.ss rau.st be employed. In any 
case, tho negatives forming the set must have 
images accurately equal in size. Blocks are 
prepared upon copper by tho onamollino process. 
iSuccessful tlircc-colour work is very largcl 3 ' a 
matter of skilful fine etching, but the amount 
required is frequently in excess of that which 
would he required were more care bestowed 
ujion th(j making of the negatives. Tho plate.s, 
when lini.she(U arc; accurately trimmed and 
mounted, and ar<! afterward, s printed in ink of 
tho hue.s yellow, crimson, and greenish blue. At 
tho present time, the sensitive jilatcs obtain- 
able well fulfil tho theoretical requirements, 
but tho same cannot bo said of tho printing 
itdcH. 

On tho Continent more than in Great 
Britain and the United States, at the present 
time, a. four-colour proce.ss is employed with 
cunsidorablo success. A set of blocks is pre- 
pared by the three-colour method and a 
fourth block is made from the original from 
a negative made through tho ordinary ‘yellow’ 
screen, which is employed for tho additional 
printing, the colour being generally a grey 
of a tone to suit the subject. The extra 
printing from a bloclc prepared by .skilful 
hands is a valuable aid and .serves to soften 
tho crudity of colour which is so frequently 
a 'fault iu']')icture.s produced bj' tho orthodox 
three-colour iirocosa. 

Preparation of drawings and x)7botograpJi,s. 
Tho translation of any picture by screen method.s 
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always leads to a ' " ■ ' ' ' ^ contrast. 

Although ‘ fine etch ■ ^ ' .1 plates is 

to a considerable extent employed to alter the 
apj)earance of the pictures as presented by the 
proofs from the plates — of illustrations, indeed, 
which are not satisfactory to those who rwsh to 
use them even before they are reproduced — the 
process would, to some extent, be necessary in 
the case of good originals because of the flatten- 
ing effect of the screen. When drarvinga are to 
bo reproduced by these methods and have to bo 
made for the purpose, allowance is generally 
made for the reduced contrast by forcing the 
effect in the drawing, hence ‘drawings,’ for 
procc.ss, which are generally made in mono- 
chrome body colour although useful for the 
pui'poso intended, are of little value afterwards 
for obvious re.sthctic rea.sons. 

Any dra-wing in line, even those made without 
any regard to reproduction processes, whore 
beautiful effect is the only consideration, may 
be successfully translated, but only by the 
expenditure of extra time and .skill. Dis- 
regarding pictorial draAvinga, much technically 
un, satisfactory ‘ copy ’ is dealt with in the 
ordinary Avay. When drawings in lino are 
made, hoAA'cvcr, with a view to reproduction in 
the commercial way, they are generally jjrepared 
in black lino upon white card. 

By far the larger amount of half-tone illus- 
trations to oatal(i.;ii - 'e-;: ■.■'..fl ' those shoAving 
machinery) and p, ■ ■■ ■■■ a .similar com- 
mercial character are prejmred from photographs 
AA'-hioh have been ‘ AAnrked up ’ by the clraiights- 
mar . ’ ’ ” , ppearanco of the original 

by ■ ' by suppression, or by 

addition, and this to such an extent that the 
photograph is completely changed. Such 
‘ AA'orking up ’ is carried out by means of the 
‘ air brush,’ a pen-liko tool by means of Avhich 
a fine stream of air can be caused to project a 
spray of liquid pigment upon a surface, the 
effect producible being entirely under contred, 
and moreover — AA'hich is the important feature — 
Avith that smoothness and continuity Avhich is 
a charactori.stic of the shadir ' _ 

so that the added Avork is in ■ ■ ■ 

irrint. It is largely OAving to ' . . ■ ^ 

engraver has almost entirely replaced the Avood 
engraver in the preparation of the illustrations 
for the be.st classes of catalogue. 

C. W. G. 

PHOTOLITHOGRAPHY v. PiroToaRAPHY. 

PHOTOPHONE V. Seuenium. 

PHOTOSANTONIC ACID v. Saxtonica. 

PHTHALEiN DYES V. TniPIIENyLMETHANB 

COLOTJRING MATTERS. 

PHTHALIC ACID. The three dicarboxylic 
aeid.s of benzene are knoAvn as the phthalic acids. 
Of these the only one of technical importance 

is orl/iophthalic acid 

this is the compound which is always under.stood 
Avhen the name plitJialic add is used AAdthout 
further qualification, the meta-compound being 
di.stinguishcd as mo'phihalic add and the para- 
as tcrephthalic add. 

orffioPhthalic acid wa.s first obtained by 
Laurent in 1S36 by the oxidation of naphthalene 
(Annalcn, 19, 38), and the same coal-tar product 


has always served as the c-hief source of this 
valuable acid — 


^CH-^ /OH^ 


OH 

cIh 


CH 

I -|“ “lOj 
OH 


CH^ ^CH 
Naphthalene. 




OH G GOOH 

I II +1 

CH C GOOH 

'^CH^ ^GOOH 

o-phthalic acid. 


.GOOH 


Similarly other di-substitution derivatives 
of benzene containing carbon chains or groups 
in the ortho- position yield phthalic acid on 
oxidation, e.ff. in addition to naphthalene cited 
aboAm, tetrachlornaphthalene, alizarin, pur- 
f)urin, o-toluic acid, have been employed, along 
AA’dth such oxidising agents as dilute nitric acicl, 
alkaline permanganate, chromic acid, sulphuric 
acid (Marignac and others, Annalcn, 42, 215; 
66, 197 ; 75, 12, 25; 130, 334; 144, 71; 148, 
60; Bor. 6, 945; 7, 1057 ; 12, 579; 18, 1499; 
Zeitsoh. Ghem. [ii.J, 4, 551,705; Compt. rend. 
56, 82; Frdl. 1897-1900, 664). 

A variety of other methods are knoAvn, c.r/. 
the action of potassium f , ■ ’ ’ ■ sul- 
phuric acid on salicylic . '■ ■ and 

.sulphuric acids c ” V : 'jeraotion of 

resorcinol and ■ : . ■ ; by the , 

reaction betAA'een benzyl chloride, carbon tetra- 
chloride and nitric acid ; or by acting upon 
benzene or benzoic acid Avith pyrolusite and 
concentrated sulphuric acid in the cold. 

Haussermann (J. 1877, 703, 1158) describes 
a method suitable for laboratory preparation, 
from 2 j)arts of potassium chlorate in 10 jAarts 
of commercial hydrochloric acu'd and 1 part of 
naphthalene, Avhich mixture is gently heated, 
chlorination first taking place and then oxida- 
tion. The product is washerl Avith Avater and 
Avith light petroleum, and afterwards 10 parts 
of nitric acid (sp.gr. 1-45) is gradually 
added and the mi.xturc bcflled. When all 
dis.solves, the nitric acid is evaporated and the 
residue distilled ; phthalic anhydride pc'i.sses 
over, Avhich may be further purified by sublima- 
tion, and reconverted into irhthalic acid i)y 
boiling Avith caustic soda and acidifying the cold 
solution with niinoral acid. The precipitated 
phthalic acid is be.st purified by rocrystallising 
from boiling Avatcr. 

Physical fro'perlies. Tt exists in trimetric 
plates ; whole crystals melt nt 213° ; Avhen 
poAvdered, at 203°, passing into the anhydride. 
Sp-gr. 1 •585-1 -593 ; 100 parts of water at 

14° dissolve. 0-54 parts of acid, and at 99° 18 
parts of acid (Graebe, Annalcn, 1887, 238. 321). 
Phthalic acid is readily soluble in alcohol, 
.sparingly so in ether and insoluble in chloro- 
form (hence separation from benzoic acid) ; it 
is slightly volatile in steam. The acid sIioavs 
an absorption band in the spectrum, l)ut the 
anhydride does not. It is said to form a 
eutectic mixture with its anhydride (do Rtadt, 
Zeitsch. physikal. Ghein. 41, 353). For mca.sur(!- 
ments of conductivities reference should be made 
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lio work of Jones (Amer. Cliem. J. 42, 520 ; 
18l*; 44, 159) ; Sidgwick (Chem. Soc. Trans. 
0, 97, 1077); Godlewski (Chcm. Zontr. 1904, 
1275). 


Ohemiad properties. Phthalie acid forms a 
caeteristic, sparingly soluble barium salt- 
.'his, Annalen, 1808, 148, 60 ; Hermann, 
lalen, 1874, 171, 78), and also forms salts 
1 most metallic oxides, including bismuth, 
iura (J. pr. Chem. [ii.] 74, 142 ; Bull. Soc. 
n. [iii.] 31, 135 ; J. Russ. Phys. Chem. Soc. 42, 
). Calcium xihthalato on heating gives benzo- 
none, benzene, carbon dioxide, small quan- 
!S of other hydrocarbons and anthraquinone. 
acid itself, when heated with excess of lime, 
ds benzene and calcium carbonate, calcium 
zoate being formed as an intermediate pro- 
b. The acid is very stable towards sulphuric 
, merely passing into its internal anhydride 
1 loss of water ; more strongly heated it 
s a little carbon dioxide and is sulphonated. 
h sulphuric acid it is also said to form 
?iflnito additive compound, CHtI() 04 -l-H 2 S 04 
ogewerf and van Dorp, D. R. P. 21352). 
txaelis has prepared a ‘ ■ acid 

OH) 2 'CbH 3 ;AsO(OH )2 , ■■ ■. ■ , , 271). 

The cortstitiition of the acid has been 
otl by Nolting (Ber. 1885, 18, 2087) 

i by oxidising the three xylenes Avith por- 
Lganate obtained excellent yields of the 
lalic acids. As meta-xylone forms three 
lorio nitro-xylonos, xylidones and xylenols, 
. 0 - two, and para- only one each of those 
vatives, therefore i,so-phthalio acid has 
tions 1, 3, ordinary phthuiic 1, 2, and toro- 
lalic 1, 4, for the carboxyl groups. 

Phthalic anhydride is formed ( 1 ) by distiUa- 
of the acid, ( 2 ) by warming the acid with 
jd chloride (Laurent, Marignac), (3) by 
raction of lead nitrate and phthalyl cMorido 
ihowicz, Bor. 1884, 17, 1283), (4) by heating 
lalonic acid — itself an oxidation product of 
athalene — to 200°, (5) dissolving the acid in 
lol, anisolo, or veratrolo, containing P 2 O 5 
!z. chim. ital. 30, ii. 301), (0) shaking a 
tion of sodium phthalate with two molecules 
jctic anhydride (Gazz. chim, ital. 20, ii. 482). 
diese methods are represented ultimately by 
equation — 




COOH 



0 4- H 2 O 


-COOH 


''y'-CO/ 

Plithalic anhydrldo. 


i-Phthalic acid is the only one of the 
e isomeridits wliieh gives in this way an 
•nal anhydride. A novel method of pro- 
,tiori is given by Denham (Chem. Soc. Tkaus. 
), 95, 1235) from the interaction of sulphur 
.ochlorido on the sodium salt — 


4({JOONa)2 GJ-r4(COOS)o 

CJ„H4<[lg>0 


['lie anhydride exists as long, tougli needles, 
128°, l).p, 284"; it is very sparingly soluble 
!old, more readily so in hot, water, being 
ually reconverted into jikthalic acid ; in 
hoi ami ether it is readily soluble, and 
lives in alkalis forming i>hthalatcs. Witli 
ammonia it give.s jihthalimido {see behnv) ; 
. alcoholic ammonia phthalamic acid. 


C«H4(C0NH2)C00H, m.p. 149°; and with 
aqueous ammonia it yields ammonium phthala- 
rnate C„H 4 (CONHa)aOONH 4 , which on heating 
is transformed into phthalimide {sea later). 

Pusion of phthalic anhydride with lime pro- 
duces benzene and diphenyl (Annalen, 1879, 
196, 48) ; with zino dust it giwis biphthalyl, 
C 4 „H(j 04 , .and with zinc dust and methyl iodide 

yields dimethyl phthalide CqH 4 <;^q 2 ^ 0 . 

In contact with alkaline hydrogen peroxide it 
reacts with formation of r'T Uf.n-'pbi Is die acid, 
COOH'CoIL'pO'O'OH and .lo- .■■ii.'i A anhy- 
dride of this. Three molecules of phthalic 
anhydride combine Avith 2 molecules of SbClg 
to form a cry.stalline — a'I. 

The usual method . ■ ■ . i ■■ of small 

quantities of jihthaiic anhydride is that of 
fusion with about twice the weight of resorcinol 
in presence of a drop of concentrated sulphuric 
acid. In this way fluorescein is produced {v. 
infra), and the reddish-brown product, Avhen 
dis.yolA^ed in dilute caustic soda and poured into 
a large volume of Avatcr, yields a magnificent 
green fluorescent solution. This reaction is 
shoAvn by all th"' -'■'■b- acids of the 

benzene series, s = . > formation of 

a variety of coloured solutions, but it is not shown 
by the meta- or para-dicarboxylic acids. Suc- 
cinic anhydrid- reaction. 

A method i' : ' < , ■ ; i stimation of 
phthalic anhyi. ! ■ ■ ■ 1 , number of 

imimrities is ■ ■ ■■ ■ 4 (J. Amer. 

Chora. Soc. 1907, 29, 230). It consists in the 
careful sublimation of the anhydride and subse- 
quent titration with standardised caustic soda. 

Technical Mantjeactube. 

Owing to the extensive use of phthalic 
anhydride in the manufacture of synthetic 
indigo (q.v.) and the pyronine and tri- 
phenylmethane class of dye-stuffs, a cheap 
technical jirocess for its preparation in large 
quantities was essential, and this has liecn 
achieved in the various patents of the Badischo 
Anilin u. Soda Ifabrik (cf. 1). R. P. March 31st, 
1896, 91202; Eng. Pat. 1S22I, August 17th, 
1896 ; ErcU. 1894-1897, 164), which are based 
upon the observation that naphthalene is 
readily oxidised by concentrated Biilphuric acid 
containing mercuric sulphate, its oxide, or the 
metal itself, Avhich acts as a catalyst, and 
that the sulphur dioxide formed liy the reduc- 
tion of the mineral acid is reconverted into 
sulphuric acid by absorjition of oxygen from 
the air, the Avholo process being practically 
continuous. 

In the English patent the quantities given 
are as folloAvs : — 

100 kilograms naphthalene 
1500 „ sulphuric acid (100 p.c. HaS 04 ) 

50 „ mercuric sulphate. 

In jilaco of naphthalene, j8-naphthol, naphthionie 
acid, or phenanthrene may bo used. The 
mercury suljihate remains behind as residue in 
the retort and is used over and over again. 

It should he borne in mind, that a too vigorous 
oxidation Avill destroy the phthalic acid as soon 
as formed, and therefore the jireparation should 
be conducted Avithin well-delined limits of 
tcmiierature — about 270°-300°. 
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A detailed account of the exact conditions 
employed , -with a description of the manufactur- 
ing plant, is given below. 

In a vertical cylinder fitted with a mechanical 
stirrer, tire foUowing substances are mixed, and 
agitated for three hours until the naphthalene 
is completely dissolved : — 

3675 Idles, sulphuric acid 66°Be. 

1050 „ oleum (23 p.c. SOg content). 

350 „ naphthalene. 

The solution (A) so prepared is stored in a 
reservoir until required. 

The oxidation vessel consists of an iron pan, 
built round with bricks and carefully heated by 
means of gas jets. The pan possesses a remov- 
able lid, has a flat bottom, a diameter of 6 'feet 
and is 2 feet deep ; a wide tube for leading off 
the vapours is provided, and through the top 
passes a shaft connected with a two-arm stirrer, 
worked mechanically, which just scrapes the 
bottom of the pan ; also several iron marbles 
are allowed to rotate on the j)an bottom to 
attract charred matter, and a pressure gauge is 
inserted on the lid. 

The phthalic anhydride sizblimes _ simul- ■ 
taneously with quantities of sulphuric acid 
which distils over, and these vapours ate con- 
ducted through a short pipe, 8 inches in diameter, 
into the condenser, which consists of three con- 
centric lead cylinders fixed one within the other 
at a distance of about a foot ; two of these 
communicate with one another through the 
bottom aud open into the third, which is sur- 
rounded by an outer condenser, through which 
water is circulated. The third of these cylinders 
is again connected with a reservoir into which 
the condensed sulphuric acid overflows. On 
the lid of the closed condensers is a vacuum 
arrangement which conducts ofi the sulphur 
dioxide as soon as formed, to an absorption 
apparatus. 

At the beginning of the operation the oxida- 
tion pan, containing 120 jdlos. of sulphuric 
acid-raonohydrato and 4 kilos, of mercury, is 
heated for 1| hours very gently until all the 
monohydrate'distils over, the stirring apparatus 
being worked during this operation. The pre- 
pared solution (A) is now admitted into the pan 

f ' ■ - T—r,'-- in portions of 

;>.! : ■ .... ■ , o regulated that 

( ■ . ' i - i ■ ■ ■ i ;■ 13-17 minutes. 

The end of each operation is observed by the 
increased noise of the rotating marbles on the 
bottom of the pan, and a further measured lot of 
22 litres is then run in. 

The process is continued until the pan con- 
tains so much charred matter that it is advisable 
to clean it. The progress of the anhydride forma- 
tion is controlled by gas analy.si8, the amount of 
00a evolved being determined from time to time. 
When the COa content reaches 0'6-0-8 p.c. the 
addition of naphthalene solution (A) is dis- 
continued, !■ ^ '■ i’ '■ three times 

the volume ( L ‘-is admitted 

and distilled away, after which the vessel is 
again ready for 2 or 3 days’ continuous working. 
Should the GO a gas-content roach 1 p.c., the 
work ".■'-r'' for a complete cleaning of 

the ■■■■ ; . ' is heated until perfectly 
dry, ■■■ . f ■■ v i, nd charred matter chipped 
from the interor. 

To separate the sulphuric acid and phthalic 


anhydride wluch together collect in the con- 
denser, the clear sulphuric is first decanted, and 
then the crude phthalic anhydride is further 
separated centrifugally and washed free from 
acid. The product is dried and purified l)y 
rosnblimation in a pan mechanically stirred, 
and heated over a coke fire. A largo cylindrical 
vessel serves as condenser. The cost of this 
process, as worked in Germany, is about one 
mark per kilogramme of phthalic anhydride. 

Other less well-known methods which may 
have some technical value for the preparation 
of phthalic acid are given below. 

O. Imray, of the Basle Chemical Work.s, 
took out an English patent, No. 15527, on July 
31, 1901, for the heating of naphthols in pre- 
sence of a very slight excess of alkali, with 
metallic oxides or peroxides, such as copper and 
iron oxides or barium, lead, or manganese per- 
oxide, to a temperature of about 240°-260°0. 
for 8 hours in oxygen gas under prfissure. 
Phthalic and some benzoic acid are formed, 
together with a few intermediate products 
(see Ber. 1888, 21, 1010). Not only naphthols, 
but also nitro-naphthalcncs, naplitliylaminos, 
and naphthalene sulphonic acids may be used 
(e/. D. R. PP. 130410, 138790, 139956, 140999; 
Frdl, 1902-1904, 112-115). 

Many patents have bcicn granted for the use 
of salts of rare earths as oa1.alyHts in the oxida- 
tion of naphthalene by means of sulphuric acid. 
The nitrates, oxalates, carl)onatos, oxyhydrates, 
sulphates of cerium, lantliamirn, neodymium, 
praseodymium, ytterbium, have all been uscfl 
as substitutes for the mercury in the original 
German patent. No. 91202 (see above). A 
mixture of — 

25 grras. naphthalene 

375 „ concentrated sulphuric acid 

15 „ oxide of rare earths 

evolves gas gently at 100“ and at 200° a 
vigorous evolution of SOg aud 00.^ begins and 
continues briskly until the thermometer re- 
gisters 270°. Pure wliite ciy.stalsof phthalic an- 
hydride subliinoover into the receiver (D. li. PP. 
142144, 149677, 152003, 168(109). It i.y claimed 
that the use of rare earths as a .sulj.stituto for 
mercury salts is more cconomic.al, as tlujy can 
alw.ays bo recovered from tins rt(Hiduo in the 
retort, although the yield is not quite so good as 
with the usf- of r.‘:fr''ury. A process for the 
oxidiition O: le, pi.: iiy electrolysis of a 
solution of 2'.i n.''. acid and 2 p.c. 

cerium sulphatcr is also described (Erdl. 1902- 
1904, 105-107 ; .T). R. P. 152003). 

The observation that naplithahme is soluble 
in boiling water has been utilised by Proeluizka 
(Ber. 1897, 30, 3108) for its oxidation to phthalic 
acid by means of hot permanganate. Almost 
theoretical results are obtained, phtlialonic acid 
being produced as an intermediate stagm The 

reduotior -.- j. rapid, and 

the best ■ ■ ■ when a large excess 

of naphthalene is employed, the niKthanged 
hydrocarbon being easily recovtu'cd ; 100 grms. 
commercial permajigaiuite yiedd 17 grms. 
phthalic acid, the iheond-ica’l yifdd being 19 
grms. 

The Easier Chem. Eabrik liav(! taken out a 
patent (B. R. P. 130410; Frdl. 1900-1902. 
1301) for the inanufaotm-o of phthalic acid to- 
gether with benzoic acid from a-nitro-naptluileno 
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and nitroplienols by t.Iie action of alkalis under 
pressure and in a dilution medium such, as 
comnw>n salt. 

Esters of phthalie acid with most of tlio Icuotoi 
alcohols have boon prepared in the usual way. 
The dimethyl ester di.stil.s at 280°/734 mm. ; 
diethyl ester at 295° ; diphenyl ester nndts at 
73° ; * benzyl acid ester has m.p. 10G°-107°, 
allording fi good characterisation of benzyl 
alcohol ;' oyclohesanol acid ester, m.p. 99°, 
neutral ester m.p. 60°. Various asters of 
phthalie acid are used as .solvents for re.sins, 
e q. copal ro.sin, which need not bo melted to be 
dissolved (Hesse, D. R. P. 227007). 

Pickard has accompli.shed the resolution of 
various complex alcohols into their optically 
active components by making the acid-ester 
by simple fusion with phthalie anhydride and 
combining thi.s with active ba.ses (Chem. Soc. 
Trans. 1907, 91, 1974). 

Ethyl phthalato ' rcact.s wdth ethyl acetate 
and sodium to form ethyl diketohydrindene 
carboxylate ; and with ethyl ju'cjpionato and 
sodium, yielding methyl diketohydrindene — 

C8H4<gQ>CH-CH3 

If ethyl succinate bo substituted for ethyl 
propionate, ethyl dihydronaphthraquinone di- 
carboxylate is formed. 


Arch, Pharm. 247, 220). Pickles and Weiz- 
mann (Chem. Soc. Pi’oc, 1904, 20, 201) have 
prepared mono-aryl hyk i'.’’ P'" by this 
means, which give by ■ ■ ■ ■ xter keto 

acids ; anthraquinone has thus been prepared 
by the following series of reactions : — 

<^0>0+MgBrO«H5 


G„H 


^CO' 

c JI, 


.c^ a«ir,)(OH) ^Q 


-COOEt 

-COOEt 


OHa-COOEt 

OHo'COOEt 

,^CO' 

^ I 


ATI -COOEt 
AH -COOEt 


Denvatives and Condensation Pfod'iiets of Phthalie 
Anhydride. 

The extraordinary reactivity of the anhydride 
accounts for the great number of important 
derivatives which have been prepared. First 
among these should be mentioned iMhalyl 

chloride 0JI4<^5 q"> 0, obtained by the action 

of phosiihoruH pentacbloridc. It is a liquid of 
b.p. 2757720 jnm„ .solidifying at 0_°0. From 
thi.s, by the action of ethyl alcohol, is obtained 

the ether, while it also 

condon.se.4 witli ketonc.s or with ethyl sodio- 
acetate (Fi,schcr and Koch, Per. 16, 051 ; Biilow 
and Koch, .Oer. 1904, 37, 577: 1905, 38,474). 
Reduction of phlhalyl chloride with zinc and 
hyilrochloric acid produce.^ the important 

derivative phthalide m.p. 73° 

(v. Lactones), and with acetic acid and sodium 

riTJ QT-l 

amalgam the phthalyl alcohol, 

Origuard’s reagents act on .---h;'- 

drido, forming the dialkyl and . . ■ ' ■■■- ■■ 

of which a large variety have been prepared : — 


A'0-C(jllg r\ /CO-xp TT 

Simonis and Arand (Ber. 1909, 42, 3721) have 
succeeded in obtaining acyl benzoic acids by the 
interaction of Grignai-d reagent.? and phthalie 
acid itself, in addition to the dialkyl phthalidos 
just described, e.g. using excess of magne.sium 
ethyl bromide be isolated o-carboxy-pbenyl 

ethyl ketone, m.p. 97°, 

Phthalie anhydride condenses with the 
cresols or their methyl ethers in presence of 
boric acid or aluminium chloride (c/. phthaleiu 
reaction -with phenol) : 

CaTT4<S>0 +CoH,(OH3)OCH, 

^CO-C„H3(OHa)OCH3 

>Lb114xcoOH 

CBH4<^g>OaH,(OH8)OOH3. 

Sulphuric acid effects the closing of the ring 
in the condensation product, giving oxy-metbyl 
antliraquinone.s and their methyl derivatives 
(v. Methyl Anthracene ; cf. Bentley, Gardner, 
and Woizmann, Chem, Soc. Trans. 1907, 91, 
1626; Lambrecht, Ber. 1909, 42, 3591). The 
.simplest case of tlio above condensation was 
worked out by Friedel and Grafts, who con- 
donsocl phthalie anJiydride and benzene in 
presence of aluminium chloride, with the 
ultimate formation of anthraquinone : — 

COx rv I p -jr . V p Tc ..''CO'GaTlg 


CHI, 


AO 


OJi, 


:[i2>0+RMgBr 


GJ-L 


<fCO'*x n 


CR„ 


"OR., (OH) 

(c/. Bauer, Ber. 1904, 37, 735 ; 190.5, 38, 240 ; 


CaI-Ja<^,0>C„H,+H,0' 

(E. Anthraquinone, also Friedel and Craft.?, 
Ann. Ciiim. Pbys. [vi.] 14, 446 ; Heller, D. R. P, 
193961.) 

Phthalie ■' L^se.? with phenols 

hi presence ■ , ■ agent like zinc 

chloride or sulphuric acid, yielding a class of 
colouring matters known as the phtlialehis, 
which are fully dealt with in the article on 
I’kiphenylmethanb colouring matters. The 
siinidest member of the sc i ■ ' s’’!’ ’ 7' 

l>ropared by condensing •; , , - I ■ - . ■ . 

2 molecule,s of phono (Bacyer) Ber. 1874, 7, 
908)— 

C«H,<gg>0+20J-r50H 

Phenolphthalein . 

When resorcinol is substituted for phenol in 
this condensation, the product is the beautiful 
green fluorescein acid, the sodium salt of 
which is known in commerce as the dyestuff 
1 11 ranine — 
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CO / '\_0H 

\ / 

in 


CO 


OH 


> 


-OH 

/<Z>°“ 

C./ No 


=OeH/ i 


"NoH +2HaO. 


HO 


rhiorescein. 

Eosin ia another well-lmowm member of thia 
series of colouring rnatters, and is a broiuo 

derivative of fluorescein. 

Catechol condenses with phthalic anhj ^ride 
in presence of concentrated sulphuric acid with 
formation of h.ystazarin and alizarin : 

/“°'./\0H /“VhoH 

CaH./ 'Qgg O.H.( 

\co/^/ 'CO', 

Hystazarin. _ Alizarin. ^ 

An interesting condensation is that _ earned 
out by Marohese (Gaz. chim. ital. 37, ii. 3U3). 
Phthalic anhydride was caused to react ivitli l 
molecules of sodium hydrindeno .-'ll”- rxy.ie '■'dcr 
in presence of acetic anhydride, y „'i ■ iio ■. ..i 
tion of the complex, anhydrophthalo-bisdiJceto- 
hydrindeno, m.p. about 325° 

CO 

C : C<^C„H* 

CO 


C5H4 


0 


0 : C<^ 


CO 

\ 




H„H, 


anhydride of this (cf. Tingle, J. Amer. Chem. 
Soc. 1910, 32, 113 and 1319). An cxainple is 
that of glycine and phthalic anhydride,* which 
give phthalyl glycine 

0«H4<^g>N-CH,HOOH, 

the ester of which Gabriel and Colman (Ber. 
1902, 35, 2534) have converted into an iao- 
quinoline derivative on heating; hydrolysis 
of this loads to the compound (1.), which with 
nitric acid yields the interesting substance, 
phthalonimide (II.), m.p. 224°, a compound 
obtained also from carbindigo — 


In many reactions phthalic anhydride shows 
a similarity to aldehydes. It is attacked 
by nitro methane in ether solution at 10 , and 
on addince methyl alcohol and sodium (sthoxide, 
?wo products arc isolated (Gabriel, Ber. 1903, 
30, 570)— 

/C(0H)-CH2-N02 
n UT /GOOMe p pr / 

C6H.4<cooh “ ^ca>® 

Again, phthalic anhydride condenses with 1 
molecule of a-picolene just as does acetaldelij'de 
or honzaldehyde, yielding in this case y-pyro- 

this being Icnown as the ‘ phthalone reaction ’ 
(Diiring, Ber. 1905, 38, lOi). The same re- 
action occurs with riuinalclinc (Eiluicr, Ber. 
1904 37,3()05)with the lutidines, in some cases 
using zinc chloride (Schulze, Ber. 1905, 38, 280(i : 
hanger, ihul. 3704), with a- methyl indol 
(Fischer, Annalen, 1887, 242, 381), and with 
cotarnine (Knoll and Co., D. It. P. 175079). 

With amims and ammo acids, phthalic 
anhydride gives an important series of com- 


pounds of the type, or 


the 


/CO- 


-NH 


GoHdX -> 




CO— NH 


H:(0H) : OH 
I. 


CO— CO 
II. 


Andreasch has prepared in this W'-ay the phthalyl- 
alanino (m.p. 104°) (Monatsh. 25, 774; cf. 
also Fischer, Ber. 1907, 40, 489 ; and Annalen, 
1888, 248, 152 — for taurine). With benzidine 
the condensation is effected in aqueous solution, 
giving the compoinid — 

/CO— NH-OnHi 
Call/ 1 

'■CO— NH.-CflH4 

(Kuller, Ber. 1904, 37, 2880). 

Sodium bonzamide or sofliurn acetamide give 
the acyl phthalaminie acids ('ritheriey, Chem. 
Soc. Trans. 1900, 85). 708), which pass into the 
acyl phthalimides on dchytlration with acetyl 
chloride — 

ri Tr /OOOH n '[.r .-''^^•^'“vN-CO-Pt 

^ ^■^^'^CO-NH-CO-R " "CO^^ ^ 

Some applications of the above reaetions 
to the preparation of dyestuffs are given : — 
p-chhr-<juinal(Unc. condensed wiily phLluilie 
anhydride and sulphonation of the quinojihilia- 
lone 80 formed — 


CO 

(J : CII- 


,01 


N 




leads to a valuable yellow' ((uinoline dyestuff 
(Baver and Co., 11. R- B- 204255 ; Jiiiig. Pat. 
1908, 28200 ; Erdl. lOOB-lUlO.. 280). 

in nitrohenzene con- 
tleji ! , ■ . hydridi! in pnisenee of 

phosiihorUH iientacliloritle yielding an oriuige- 
yellowdye (B. R. P. 210980; Eng. Pat. 27098, 
1901; Frdl. 1908-1910, 753). Hyestnffs of tlu^ 
acridine series may fie ohtained hy^ heating 
phthalic anhydride witii ihen;. : d :C(ui(i 

diamines in [iresence rc :!i'- re; (0 

these bases, wither w’l .s i-, 

agent such as zinc chloriib! (I). R. R M1350 ; 
Eng. Pat. 11711, 1902 ; Krdl. 1902, 1904. 310i. 

Phthalyl chloride condenses with remarkable 
case with substances ])oHseHsing labile _liy<lrogen 
atoms, which condiine witli th(! edilorine atoms 
causing the evolution of hydrogen chloride, e.//. 
inakmic ester, aectoacetic ester, eyanacetie 
estew, &e. 

Biilow and his (joilaliurators (Ber. 1904, 
37 4379; 1900, 39, 2275) have condensed 
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it with acetyl 
products — 

«C0 


acetone, and obtained the 


C„H, 


CO 

0 and CgHi/No 

G : C(G0-CH3)2 C: CH-CO-CHa, 

the second of which readily passes into Q-acetyl 
diketo-hydrindene — 

CO 


CO 

(c/. also Eibner, Ber. 190G, 39, 2202). 

The Hydkophthalic Acids. 

The classical work associated with the nanae 
of von Baeyer on the reduction of the phthalic 
acids has d'one much to extend our knowledge 
of valency, and especially of the constitution 
of the benzene ring. His researches (Annalen, 
1S73, 166, 346 ; 1890, 258, 214 ; 1892, 269, 154) 
enunciate the general rule, that entrance _ of 
hydrogen atoms into the molec ’ ■ k- 

reduction, always takes place by ■ , 
to the a-carbon atoms, i.e. those which are 
adjacent to carboxyl groups. For example, 
adopting the special nomenclature for the hydro- 
benzenes, namely — 

' 1 1 

6/\2 


n Iq 

5\/3 


5'!^ .'3 
4 


4 

,1.5 


then the reduction of ortho-phthalic acid with 
sodium amalgam in weak acetic acid solution, 
gave rise to the ^-dihydrofhiJuilic 

acid 

XOOH 

I \H 

• ' ■ I l/H 

. %/\COOH 

which' melts at 210°. This is also prepared by 
electrolysis of phthalic acid in hot 15^ p.c. 
aqueous sulphuric acid (Mettler, Ber, 1906, 3J, 
2941). The cis-form is only obtained by acting on 
this with acetic anhydride for 7 minutes, when 
cis^fiThliydTida^ m.p. 100°, is forined, wliichon 
boiling with water yields the cis-acid, _m.p. 175 ; 
prolonged boiling converts the cis- into trans- 
form. The above A^’ ® acid is what is known as a 
By doubly unsaturated acid, the double linltings 
being both attached to carbon atoms with 
reference to the carboxyl groups. This type ot 
acid readily undergoes inversion by digesting 
with alkalis such as caustic soda, due to tne 
shifting of the double bonds to the afi position 
in each case, so that the compound 
A^’^-dihydrophihuUc acid 

'\_COOH 
COOH 

is obtained. This \cid is exclusively formed 
when the reduction of phthalic 
amaleam is carried out m alkaline soluticni. 
It melts at 215°, and its anhydride, formed by 


the action of acetyl chloride, melt.s at Sl°. 
Benzoic acid may bo obtained from this a-’*’- 
acid on oxidation. It is not affected by lioiling 
with aqueous caustic soda, but veiy euneeii- 
trated alcoholic potash produces the 

A-’ ^-Dihjdroplithalic Acid 

if ^i-COOH 
\ COOH, 

w'hich melts at 180°, and which is also obtained 
indirectly from the dihydrobromide of A“> 
dihydrophthalic acid and methyl alcoholic 
potash. When this A“’^-acid is boiled for 6 
minutes udth acetic anhydride, the anhydride 
of a new acid, 

A ^’ ^-Dihydrophthalic Acid 

l!_COOH 

is formed, and on 1 •' with boiling 

water the above . ■■ ■■ m.p. 153'’. 

Boiling caustic soda converts it into the A“’ and 
A"’ ® isomerides. It may be oxidised back 
again into phthalic acid. The anhydride of 
the acid melts at 133°. 

Abati and Bernardinis (C'hem. Zentr. 1905, 
i. 1318) have isolated the two remaining di- 
hydrophthalic acids by a careful scheme for 
separating the initial reduction products obtained 
as described by Baeyer. These are the — 

A^’ ^ -Dihydrophthalic Acid 
/\_COOH 
COOH, 


the anhydride of which melts at 59°-60°, and 
also the 

a2. ^.Dihydrophthalic Acid, 

f \<^COOH 
COOH 

which is obtamed by heating the A^’ ^-acid to 
230° in a closed tube ; also by the intermediate 
shifting of the double linking in the a'^’ "-acid 
by means of caustic soda. Its anhydride 
at 73° (c/. also Abati, Gaz. cliim. ital. 38, i. lo^)- 
The Tetrahydrides are five in _ number. On 
reducing a boiling solution of sodium phthalate 
with sodium amalgam, 

A^-Tetrahydrophthalic Acid 

/ \il-COOH 
— COOH 

is formed, m.p. 215° ; the anhydride melts at 
79°, and is made by heating the acid. _ W hen tms 
acid is heated for a considerable time at its 
melting-point, the anhydride of 
A^-Tetrahydrophthalic Acid 

/\_COOH 
COOH 


is produced, which ou botting with wato gm-s 
rise to the above A^-acid, m.p. 1-6 . m 
anhydride melts at 74°. This is also prepared 
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by distilling the tetrahydride of pyroiueLlitic acid. 
It changes back into the A^-aeid with concen- 
trated potash, and permanganate oxidises it to 
adipic acid 

Trans- A^-idraJiydropJiihalic AcM 

y. /COOH 

f pH 

II Uh 

\/\COOH 

is formed, together with A^-aeid, by reducing 
the A^’ ® dihydride in boiling water with sodium 
amalgam, that is — 

/\_COOH H„ COOH 

COOI-I \ j— COOH 

(Gf. Thiele, Annalen, 1899, 306, 125.) TMs 
A^-aeid melts at 218° ; its anhydride, made by 
the action of acetyl chloride, melts at 140°, 
and the methyl ester melts at 40°. The acid 
changes on heating into the cis-form, which is 
also obtained by reducing the a”> ^-acid at 0° 
with sodium amalgam. This ci-s-A^-acid melts 
at 174°, and its anJiydride at 68°. 

The remaining isomeride — 

A^ - Tetrahydrophthalic A del 

/\— COOH 
COOH 

is described by Abati and Vergari (Gazz. chim- 
ital. 1909, 39, ii. 142). Its anhydride melts at 
70°-71°. 

Both the di- and tetra-hydrophthalio acids 
are unstable towards permanganate and with 
Tnilder oxidising agents may be oxidised back 
to phthalic acid. They form, as a rule, a,dditive 
compounds with bromir.e or liydrrhrrimic acid, 
and yield on reduction p.': Jinlii: acid 

(c/. also Graebo and Bo:-'., A;-:-:; Ic*-, id'.", 7, 142, 
330 ; Astie, Annalen, 258, 187). The physical 
properties of all these acids have been carefully 
measured by Abati and his collaborators {Gazz. 
chim. ital. 39, ii. 142; Chein.' Zentr. 1907, i. 88G). 
Tra.m-heocahydrophthalie Acid 
’ ^COOH 

\ 

I pH 

\/\COOH 

is prepared by reducing all the lower hydrides 
or their halogen additi\m compounds, either with 
sodium amalgam or zinc dust and acetic acid. 
It melts at 221°, and is not oxidised by cold 
anhydride melts at 140°, 
i ■ !, ■ ester at 33°. When slowly 

I , , ! ■ i . yields the anhydride of cis- 

hexahydrophihalic acid, from which the free 
acid is obtained by boiling with water. The 
acid melts at 192°, and the anhydride at 32°. 

Nitbogen Debivatives. 

PhthaUmide CaH 4 <gg>Nfl is formed by 

the action of ammonia gas on molten phthalic 
anhydride, and is a most important stage in the 
manufacturing process of synthetic indigo. 
The method, due to Kuhara, is a quantitative 


one. Dry ammonia gas compressed in cylinders 
is used, and is passed into the phthalic anhydride 
until it ceases to be absorbed, the process occupy- 
ing in all about 18 hours. The chief condition 
is that at the end of the operation, when complete 
transformation of anhydride into -imide has 
been effected, the mass should remain in the 
molten state ; the anhydride melts at 128° 
and the imide at 228°, hence during the 
progress of the operation the temperature 
should be maintained 1° above the latter. The 
molten product is run off and allowed to cool 
and crystallised in open pans ; 650 khos. of 
anhydride yield 635 kilos, of phthalimide. 

Phthaiimide may also be prepared by heating 
phthalic anhydride with urea (Dunlap), or with 
aliphatic nitriles (Matthews, J. Amer. Chem. 
Soc. 1896, 18, 680; 1898, 20, 654), or with form- 
amide, acetamide, and other amides, acetanilide, 
and similar compounds. It exists as colourless 
plates, m.p. 228°, and may be sublimed. 

Reactions . — Amyl alcohol and sodium reduce 
'phthalimide to o-mothyl bonzylamine (Bam- 
berger, Ber. 1888, 21, 1888). Distilled with 
lime, it loses water and carbon dioxide, yielding 
benzonitrile (Reese, Annalen, 1887, 242, 5). 
With alcoholic potash it forms a potassium 
derivative, 

CoH4<^0>N^^ 


p /CONHa 

'vcOOK 

which on boiling with water is converted into 
potassium phthalamatc. 

From the point of view of indigo its most 
important reaction is that discovered by 
Hoogewerff and van Dorp (D. R. P. 55988), 
with alkaline KOBr at 80°, wiien it is transfonne<l 
into o-aminobenzoic acid, or anthranilic acid — 

' ‘ bNH .-5, I 1 

\/''-COOH. 

Mohr (J. pr. Chem. [ii.] 80, 1 ; D. R. Pl>. 
127138, 139218 ; FreU. 1902-1904, 118-120) 
has modified this by u.sing NaOCl, and states 
that sodium isatoic acid anhydride is probably 
formed as an intermediate compouncl, which 
excess of caustic soda converts into sodium 
anthranilate — 

CO 

G H / ' NH V. T-T 

ANll. —is. '“'b‘^^4XC0NHo 


CO 

X'OONa 


^COONa. 


^<ONa "ONa 

. GT-r^CO-0 
— > I 

N = C{0Na) 

STaOH „ RJOONa p „ ^COOHa 

“ ^■'"NH-COONa 


Phthalimide forms a potassium derivative 
exactly as does malonio ester, in which also the 
metallic radicle may be substituted for alkyl 
by contact with halogen compounds (see resunic 
by Sorensen, Zeit.sch. physikal Chem. 44, 
448 ; Chem. Zentr. 1905, ii. 401 ; cf. also Bull. 
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Soo. chim. 33, 1042). Gabriel describes an 
infcere^ing example of this use of potassium 
phthalimide with dibromopropane — 

00 

' ;,NK+Br-GH2>GH3-CHaBr 

Co CO 

-> C«H,0N[OJI,j3Br 

GO 

CO 


with 

KOH 


>N[CH 2 ] 30 H 


(Ber. 1905, 38, 2389). 

Two molecules of phthalimide may also 
combine with the halogen derivative, giving 
CO CO 

CoH^r^ ^N-CHa-CHa-CHa -n/^C gH,, 

Co CO 

and this on hydrolysis with mineral acids 
yields trimethyleno diamine and 2 molecules 
of phthalio acid, thus providing an excellent 
general method for the preparation of dia- 
mines. 

Various mercaptan derivatives of phtha- 
limide have been prepared by Manasse (Ber. 
1902, 35, 1307). 

The Gorman patent No. 139553 describes 
the ^preparation of fUhal-cMonmidp. by leading 
chlorine into an aqueous suspension of phthali- 
mido. 

A 40 p.c. solution of formaldehyde gives 
with phthalimide a methyl phthalimide of m.p. 
132° (Breslauer and Pictet, Ber. 1907, 40, 3784). 
Various Grignard reagents have been tried with 
sucoess upon phthalimide (c/. B6ia, Compt. rend. 
138, 987 • Sachs and Ludwig, Ber. 1 904, 37, 
385). Withtin and hydrochhmio acid it is reduced 

HTT 

to phthaliinidine C(,H 4 <C qq*>NH (Graebe, 
Bor. 1884, 17, 2598 ; Annalen, 1888, 247291). 

/CO-NH 

Phthalyl hydrazide I is made 

''CO •NH 

from the anhydride and hydrazine (Ourbius, J. 
pr. Chem, [ii.] 51, 376). The phenyl hydrazine 
derivatives exists in two forms ; the first product 
of the ooudon.sation is probably a simple additive 
compound — 

o rt .-'C()0 H 

GsWv.qoNH-NH-CsHb, 
which .splits off water in two ways, giving — 

/GO— Nil 

Cdl/ bN-NH-GflH. and CoH 4 ^, I 

(fcj Y<0 ~N-C„IIb 

a I'ht.lialyl plicnylliydcazino, m.p. 179'’. ^ form. 

(Dunlap, J. Amer. Chem. Soc. 1905, 27, 1091). 
Phthalyl semicarbazide melts at 262°. 

Hydroxylamiue oon- 
don ; ■ ■ s'lhydrido in aqueous 

dilute alcoholic solution or in caustic soda, 
with formation of phthalylhydroxylamine, _m.p. 
2()4°-206° in good yields (Busier Chemischo 
Fabrik, B. R. PL’. '130680, 130681). Treat- 
ment of the hydrochloride of this with sodium 
carbonate, and sub.soquent action of caustic ' 
Von. IV.— T. 


Phthalanil 


soda, leads to the formation of anthranilic 
acid — 

ro 

/\/\ /v/COOH • ,COOH 

I ] )o— > I I I 

I (B. R. P. 136788 ; Frdl. 1902-1904, 117). 

CO 

Phthalanil CBH 4 <^\N-C„Hg, m.p 206°, 
CO 

is formed by heating 1 molecule of sodium 
phthalate and 2 molecules of aniline hydro- 
chloride in a closed tube for 6 hours at 200° 
(J. Amer. Chem. Soo. 1903, 25, 612). 

Phthalonitrile is obtained from 

2-aminobenzonitrile by conversion of the NH^ 
group into CN (Pinnow and Samann, Ber. 1 896, 
29, 630) ; and from o-cyanobenzaldoxim by 
dehydration in contact with acetic anhydride 
(Posner, Ber. 1897, 30, 1693). It forms odour- 
les!3_ needles, m.p. 142°, distils without decom- 
position, _ and is volatile in steam. Tt is trans- 
formed into phthalio acid on hydrolysis with 
concentrated hydrochloric acid. 

Seminitrile of Phthalic acid C!oH 4 <QQQg- (o- 

oyannbonzoic acid) is prepared from anthranilic 
acid by the Sandmeyer reaction (Ber. 1885, 18, 
1409) ; by the action of NHa upon phthalyl 
chloride (Hoogewerff and van Dorp, Rec. trav. 
ohim. 11, 91 ; cf. ICuhara, Amer. Chem. J. 3, 26 ; 
Auger, Ann. Chim. Phys. [vi.] 22, 289) ; and 
from bonzaldohydeoxime-carboxylic acid by 
contact with acetic anhydride. Tt exists as 
needles melting at 180°-190° and changing 
simultaneously into phthalimide. Heating with 
water produces acid ammonium phthalate. 
The methyl eater molts at 51°, and the ethyl eater 
at 70°. 

Substituted PnTnAUio Acids. 

Many cMoro, hromo, nitro,. aulpho substi- 
tuted phthalic acids are Imown, and references 
to these are frequent in Boilstoin’s Handbuch 
dor Organischen Chemie, vol. ii. and its supple- 
ment ; also Frdl. 1887-1890, 93 ; Villiger, Ber. 
1909, 42, 3529. When phthalic anhydride, 
dissolved in fuming sulphuric acid, is treated 
with chlorine in prosonoo of a little iodine 
(Juvalta, B. R. P. 60177). the following reaction 
occurs : — 

«"l0H4<gg>O+4Ol+2SO3 

=01a-0„H3<gg>0+2 OhSOaH 

Separation of the products is possible owing 
to a difforonco in solubility of the zinc salts, by 
a rcorystallisation of which three isomerides are 
separated. The chief product is 3 : d-dicHoro) 
phthalic acid (I.), smaller quantities of 3 :4 (II.- 
and very little of 4:5 (III.), being isolated — 

Cl 

/'A— GOOH i'^N—COOH Cl/ COOH 


-COOH Cl/ COOH 
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The 3 : 6 acid has m.p. 253°-258° ; and its anhy- 
dride, m,p. 339°. 

These acids are more soluble in water and 
ether than ordinary phthalic acid, and the 
anhydrides can be distilled (c/. also Graebe, 
Ber. 1900, 33, 2019). 

A fourth isomeride is described by Crossley 
and Le Sueur (Ohem. Soc. Trans. 1906, 81, 1533), 

viz. the 3 : 5-dichlorophthalic acid | pnOT-T 


(c/. also Claus, Ber. 18, 1370 ; 19, 3175 ; J. pr. 
Chom. [ii.] 43, 253, 582 ; Le Royer, Annalen, 
1887, 238, 350). 

3 : 6-dichlorophthalic anhydride, which is 
now a commercial product, has been condensed 
with the three xylenes and the closing of the 
ring effected, with formation of dichloro- 

,ij. •, (Harrop, Norris and 

\\ : , . " . 'rans. 1909, 95, 1312) — 

Cl CO CH, 


Sulpho-phtludic acids. The Badische Aiiilin 
und Soda Fabrik,has obtained an English patent 
(J. Y. Johnson, No. 18221, August 17, 1896) for 
the prexiaration of a disulphonic acid. 100 kilos, 
of naphthaleneis dissolved in 300 kilos, of fuming 
sulphuric acid (23 p.c. yO^) and mixed with 
1200 kilos, concentrated sulphuric acid (95 p.c.). 
The mass is heated for 10 hours at about 250° ; 
a certain amount of phthalic acid distils over 
during the reaction. The ijroduot is neutralised 
with calcium or barium carbonate and workeil 
up in the usual way. The new dmdphonic acid 
of phthalic acid may bo separated from water 
in crystalline nodules in the form of its barium 
salt. 

If the temperature is maintained at about 
220°, a monosulpJionate of phthalic acid is 
obtained. 

Hydroxy-phtlialic acids. Bentley and Witiz- 
mann (Chera. Soc. Trams. 1907, 91, 98) have 
sulphonated phthalic anhydride with fuming 
sulphuric acid (73 p.c. SO3) at 200° and fused the 
jiroduots with caustic soda, obtaining in this 


way 4-hydroxy-jddhalu: add, and as by-product 
TO- hydroxybenzoic acid — 


SOoHk 


-COOK 


- ■ . imdls at 204°-2()5°. it,-^ 

. , °-l73° ; the methnxy acid at 
/drid(s of this at 98°. 

The same auLhors, with Mi.s.s Rona Roliimson 
(Ghem. Soc. Trans. 1907, 9J, 104). prepared 
1 : ^-di-methoxy-napldhalenc. and oxidi.scd thin 
with x^ermanganate, obtaining W-na ilittxy- 
phlhulic acid, m.p. 173°, the anhydride, of which 
melts at 160° — 


Of the four possible dihromophlhalic acids only 
the para (3 : 6-), m.p. 135°, is at present made, 
the yield being 30 p.c. ; 100 grams of dibromo- 
naphthalene is strongly heated for 2 hours 
with 2 litres of nitric acid (sp.gr. 1*4) j first 
a nitrated product is obtained, and then on 
evaporation of the mother liquors to one-third 
the volume, white crystals of the 3 : G-dihromO' 
phthalic acid appear (Severin, Chem. Zentr. 

1907, i. 1119). 

Nitro-phthalic acid. Holleman (Chom. Zentr. 

1908, ii. 2011) has studied quantitatively the 
action of concentrated nitric acid on phthalic 
acid at 30°, and has found that the product 
contains 49‘5 p.c. of the a- and 60-5 p.c. of the 
P-7iitrophthalic acid — 

NO„ 


Fusion of the 1: 
potash gives rise to : 
m.p. 15()° — 

CH3O 

COOH 
i — COOH 


‘fh.'jxy wbb ''auHtio 

[i-/i;i:ir',r’j-i;!!hnii- add. 


-.cooil 

:-cooii 


Phthalaldehyde 

xylene is brominated it yields the iidrabromidt! 

/ ■'5— (JJIBra 
' CllBrj 

If 400 granes of this bromide arc healed with 
360 grams of finely powdered crystalline pofas- 
sium oxalate in an oil-bath for 40 hours, in 
contact with 2| litres of water and 21 litres of 
95 i).c. ethyl alcohol, a clear yellow' solution 
results, with evolution of some earkm monoxide 
and dioxide. After distilling off 2 lilre.s id’ 
alcohol, which is u.sed again subsequently, 700 
grams of crystalline sodium phosxihate are 
arlded, and tlio mass is subjected to distillation 
in steam, which drives ovv.v the X’hthalic alde- 
hyde. The product is readily solubhj in water, 
and therefore the distillate is extracted several 
times with aoetio ester, W'hich dissolves out the 
aldehyde, a 90 p.c. yield being obtained in Ihe 
form of yellow nee(il(t.s, m.xi. 56° (Thiele and 
Gunther, Annalen, 1906, 347, 106), 

Strong alkali converts jditludaldehyde itilo 
Xffithalide. which apptairs to be an inlrairKjleeulHr 
change into a more stable i.scjmeridft— - 

G If (< It ..."GIL 0 

'~^(l *'■ 4 'N.XJXXQ ^''8**4 '(jo. 

It is inlcresiing to compare this with the 
‘ lactone tautomeri.sm ’ of aldt!hydo ]ilithalio 
acid and hydroxy phthalide, wliieli can react in 
either form — 

,, [, /'LIIO , .GlLOlI 

'GG 

Fiithalaldehytle condense, 4 readily with a, 
large number of Huhstauees liy virtue of jj,. 
two — GHO groux>iug.s; c.r/. with acetone it 
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yields /3-acetvl hvdrindone (Thiele and Falk, 
Annalgn. 1900, 347, 112: 1909, 369, 287)— 

(J«H,<ggg+CH3-C0-CH3 

= C„H4<^^'^>CH-C0-CH3+H30 

Phthalonic aeid m.p. 

144°-145°, i.sforinod atau intermediate stage of 
the oxidation of naphthalene to phthalie aeid, 
especially -'T.-'n the v- ep :- .1 used is permanganate 
(Annalen, I s''7. 2 K.', I I'J: Daly, J. Phys. Chein. 
11, 93). It is also produced by the action of 
nitric acid on _j ■ _.i., . ^^inke 

and Fries, Ani : . i. , ; 3 [ts acid 
methyl ester melts at 79°-81°, and 'it.s neutral 
methyl ester at 66°-68° (c/. Frdl. 1894-1897, 
162-163 ; D. R. PP, 79693, 86914 (Tcherniao)). 

Phthalonic acid take.s part in numerous re- 
actions, principally those involving the koto 
group ; e.p. it condenses with o-phenylene 
diamin (Gazz, chim. itnl. 1904, 34, i, 493), 
giving the compound — 


N 

/\/\ 

II 1~ 

N 


-C„H„-COOH 


A warm sodium bisulphite solution of sodium 
phthalonato gives on evaporation and 8ulb.se- 
quenttroatraont wPh ;'.yd--irl.!.M':e „ -M. aldehydo- 
phthalio acid i ii-;' ieu. IJ u di, Monatsh. 

26, 1039) 

Q j.r ^CO-COOK c rr ^OHO , pn 

The following is_ the best method of pro- 

Pfi"' i-p--p y-- -.I ; jQ gj,a,nia naphthalene 

is . i ■ ■ ' water and 90 grams pure 

KMnO,i, or ite equivalent of the commercial 

p. • added, and the whole boiled 

: . is completely decolourised. 

The removal of the excess of naphthalene 
(2-5 grams) is effected by steam distillation, 
the oxide of manganese is filtered off, and the 
filtrate evaporated and then acidified and tlie 
product extracted or allowed to crystallise. 
The yield is 9 grams of phthalonic acid and 1 
gram of phthalie acid. 

iwPhthalie aeid (meta-phthalic acid) 

COOH 


and by the action of a hot solution of cuprous 
potassium cyanide on m-diazobenzoic chloride 
and saponification of the resulting nitrile 
(Sandmeyer,_Ber. 1885, 18, 1498). 

It exists in the form of long slender needles 
when crystallised from water j which melt at 
about 300® and which may be sublimed, without, 
however, forming the corresponding anhydride. 

The dimethyl ester melts at 67°-68° (Baeyer, 
Ber. 1898, 31, 1404), and the diethyl ester at 
n-5° (r/. Perkin, Chem. Soc. Trans.' 1896, 69, 
1238, for physical properties). 

It forms a hydrazide, m.p. 220°, by heating 
with _ hydrazine hydrate in absolute alcohol 
(Davids, J. pr. Chem. [ii.l 54, 74), and also an 
azide, C„H,(CON 3 ) 2 . 

Hydro-isophthaltc Acids. 

These acids are chiefly due to the work of 
Perkin and Pickles (Chem. Soc. Trans. 1905, 
87, 293) and Perldn and Goodwin [ihid. 843), 

The dihydro-isophthalic acids are not well 
known. The A^’^-acid, m.p, 270°, has been 
obtained ^ from 1 : 3-dibromo-trans-hexahydro- 
fsophthalio acid by the agency of potash ; 
and the -dihydro-acid, m.p. 266°, is also 
do.scribed as obtained in a similar manner from 
the 3_: 4-dibroraohoxahydro acid, but the con- 
stitution of these two acids is still regarded 
as unsettled. 

All the four possible tetrahydro acids have 
been isolated. fso-Phthalic acid on reduc- 
tion with sodium amalgam yields two acids, 
A® and the cis-form of Ah A^-Tetrahydro- 
COOH 


isophthalic acid /\ 


melts at 168°, is 


very soluble in water, and its anhydride melts 
at 78°. By the agency of caustic potash or 
hydrochloric acid it yields the sparingly soluble 

COOH 

A^-telrahydroisophthalic acid /X 

^1— COOH, 

m.p. 244°, which gives, with acetic anhydride, 
the anhydride of A^-aoid, m.p. 78°. 
Gis-A'^-tetrahydroisophthalic acid 

COOH 


is prepared by the oxidation of m-xyleno with 
permanganate (Nolting, Ber. 1885,' 18, 2687) 
or with chromic acid (Fitting and Velguth, 
Annalen, 1868, 148, 11 ; 1870, 153, 268); or 
by converting m-xylene into the dibroniide by 
brominatitm at 126°, treating this with ho't 
alcoholic potash, and oxidising the resulting 
ether with chromic acid mixture (Kipping, Ber. 
1888, 21, 46). It is al.so obtained by fusing 
potassium formate with potafi.sium 'benzoate 
(Iliehter, Ber. 1873, 6, 876), or with potas.sium 
7H hrombcjizoate (Ador and Moyer, Annalen, 
1871, 159, 16), or with benzene di.sulphonic acid 
(Barth and Senhofer, Annalen, 1871, 159, 228) ; 


is isolated from the original reduction product, 
as stated above. It melts at 165°, is very 
soluble in water, and is easily converted into 
the trans-acid with concentrated hydrochloric 
aeid. This trans-form is sparingly soluble, and 
melts at 227°. 

Gis- and irans-hexahydroisophlhcdic acids, 
m.i). 103° and 148° respectively, wore obtained 
synthetically by Perkin and Prentice (Chem. 
Soc. Trams. 1891, 5f), 808 ; c/., however, Perldn 
and Goodwin, Chem. Soc. Trans. 1905, 87. 843), 
who condensed trimethyleno bromide with 
sodio-methylene-malonic ester — 
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Br -h 


NaO : (COOEt)^ 
>CI-l2 

NaO : (COOEt), 


in nitrobenzene solution, and is said to produce 
a yellow dye (D. R. P. 21 6980 ; Eng^ Pat. 
27098 ; Erdl. 1908-1910, 753). 


OH-CO.OH 

oh/^"',oh. 

OH‘^ ^CH-COOH 

OHa 

The tetrabasio ester first formed yielded on 
hydrolysis a mixture of cis- and trans-hexahydro- 
isophthalio aoids. Bayer and Villiger were able 
to verify these results by the actual reduc- 
tion of isophthalio acid (Annalen. 1893, 276, 
255). 

5-ChlorO“isopllthalic acid is prepared by the 
oxidation of 5-chloro-m toluic acid with alka- 
line permanganate (IQage Iv'! ■ -- -1. Ber. 

1895, 28, 2045); and tetra- 

brom derivatives are prepared by oxidation of 
the - - ’ substituted X5denes (Rupp, 

Ber. i > . . 1 i . 

2-Nitro- and 4-nitro-fsophthalie acids have 
been prepared by Holleman (Rec. trav. chim. 
27, 260 : Ohem. Zentr. 1908, ii. 2011) by oxi- 
dising the corresponding nitro-m-xylenes with 

•. — Direct nitration of 

■ ■ oncentrated nitric acid 

at 30° was -found to give 97 p.c. 6-nitro- and 
3 p.o. 4-nitroisoPhthalio aoids. The 2-nitro- 
and 4-nitrofsoPhthalic aoids melt at 300° and 
245" ■■ 

■ ■ P!':b.ir, i!l:li !iv;lo , prepared in theoretical 

yields from , ' ' "i : ■■ ■ .- by boiling 

with potas.si . \ , v ■ ■ alcohol. 

It melts at 89 '5° and exists as colourless silky 
needles. The dioxide melts at 180° (Thiele 
and Giinther, Annalen, 1906. 347, 109). 

Terephthalic acid (pam-phthalio acid) — 
COOH 



OOOH 

is formed by the oxidation of most derivatives of 
benzene having carbon chains in the para posi- 
tion, e.g. the terpenes, para-xylene, p-toluio 
acid, &c., and by the analogous methods 
given under -laoPhthalic acid, such as the 
fusion of p-disulphobenzene with sodium 
formate (Remsen, Ber. 1872, 6, 379). It may 
be prepared by Bneyer’s method (Annalen, 
1888, 245, 139), from di bro mo -p- xylene, 

C8H4(CHsjBr)2, by digestion with potassium 
acetate in absolute alcohol, and subsequent 
oxidation of the acetate, 08H4(CHjj0-0CCH3)2 

with alkaline " ' or by the method 

of Beilstein /■ ■. 133, 41), in which 

p-xylene is oxidised with claromic acid 
mixture. 

TerexJhthalio acid is a white crystalline 
powder, which sublimes ■without melting ; its 
dimethyl ester melts at 140°. The acid is very 
sparingly soluble in water, alcohol, acetic acid, 
ether, or chloroform. When heated with lime 
it yields benzene, Phthalic acid precipitates 
terephthalic acid from its salts in solution. 

Terephthalic acid in the form of its chloride 
has been condensed with o-amino-anthraquinone 


Hydeo-tbebphthalio Aoids. 

By reducing terephthalic acid with sodium 
amalgam in aqueous solution through which 
a stream of carbon dioxide was passed, Baoyer 
(Annalen, 1888, 245, 142; 1889, 251, 257; 
1892, 269, 148) was able to show that two atoms 
of hydrogen attach themselves to the a-oarbon 
atoms in the molecule. 

Trans- A^’^-dihydroterephthalic acid 
a /COOH 


HOOC/^^H 

crystallises out first from the acidified product, 
and may bo characterised by its methyl ester, 
m.p. 77° ; the acid seems to have no definite 
melting-point. 

The cis-A^’®-acid is extracted from the 
moC'cr b.-UTi--. by means of ether ; its salts are 
nicrv those of the trans-form. The 

trans-iovxa may also be prepared by electrolysis 
of_ a warm alcoholic solution of terephthalic 
acid containing aqueous sulphuric acid (Mett- 

ler, Ber. 1906, 39, 2933), ^ 

ganate reconverts it into ■ ; . ■ 

As the double linkings are both situated in 

contaiumg 

aj3- ■ , is readily effected. This 

takes place in two stages, giving the and 
A^’^ acids — 

COOH 




IK, / V 

A^’^-dihydroterephthalic acid n is 

\/ 

h/^COOH 

obtained by boiling the above A^’®-aoid with 
water, and may therefore be prepared directly 
from -i.ii. -T • 1 ijy reduction in hot 
solutio' . ; ■ ■ -melts at 40°. Eurther 

treatment witli sodium amalgam produces the 
A® -tetrahydro acid, following the rule that it is 
only double-bonds which undergo reduction 
under these conditions — 


COOH 


Ha 


HOOC. 11 

X 


\/ 

Il/XCOOH 

a1.6 


hXXcooh 


COOH 


A^’^-dihydrotere.phthalic acid 


'%X 


COOH 

obtained from either the a^’®- or A^>®-acid by 
warming with caustic soda, both double bonds 
lieing now in o/3 positions. It is therefore 
readily prepared by reducing terephthalic acid 
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2(31 


with sodium amalgam in alkaline solution. 
The methyl ester melts at 1.30°. 

00011 

-dihydroterepMhalic acid I | is 
\/' 

(!iooh 

prepared indirectly from the dibroniidc of 
^2 -.1-4 1- , r acid by the action of 

mt . , ■ I. .. Its methyl ester molts 

at !i5°. In accordance with Thiele’s view of the 
reduction of conjugated double linldngs, it 
reduces to A^-tetrahydroterophthalic acid. 

00 OH 


Al-Tetrahydroterephthalic acid 



\ / 


OOOH 

i.s prepared by boiling 1 p.art of tei'ephthalic 
acid in caustic soda for 40 houns, and gradually 
adding 100 parts of sodium amalgam (4 p.o.). 
It molts above 300° ; the methyl ester melts at 
39° (Bacyer, Bor. 188(3, 10, 1805 ; Annalen, 
1888, 246, ICO ; 1890, 258, 32). 

Trans- AHetrahydroierephthalic add 
H OOOH 



melts about 220°, and is obtained from the A^’^" 
dihydro acid or from the dibromo-A^’®-acid by 
reduction. The methyl ester melts at 3°. 

C7fs-A” tetrahydroierepMhaUc acid is formed 
together with the trans-form by reducing the a^’^- 
dihydro-acid with sodium amalgam in the cold. 


Trans-hexahydroterephthalicacid 
H,, ^COOH 


1 PHTHALIC ANHYDRIDE i;. Phthaaic 

ACID. 

PHTHALIDE v. Lactones. 

PHYCITE. Identical with erythrol (q.v.). 

PHYSOSTIGMINE v. Ohdeae bean ; also 
Yegeto alkaloids. 

PHYTIN, inositol y^h-osphoric acid 

occurs in many plant seeds, usually as the 
calcium- magnesium salt. In bran, in the seeds 
of red-fir, peas, beans, pumpkin, red and yellow 
lupin, and in the potato and other tubers and 
bulbs, the greater part of the phosphorus exists 
in this form (Patten and Hart, Amcr. Chem. J. 
1904, 31, 564). 

It occurs to the extent of 2 p.c. in wheat 
bran and 8 p.c in rice-bran (Suzuki and others, 
Bull. Coll. Agric. Tokyo. 1907, 7, 495), and is 
prepared from the latter by extraction with 
‘'■2 - I !'■ ’1 acid. It is purified by 

I ■■ ■ ■ . ' agnesia, washing the pre- 

■ n acid ■ d I i 
. , ■ ■ I . again ‘ , ■ ■ 

magnesia (Contardi, Atti. ■ . : .. 

1909, [v.J 18, i. 64). It is soluble in water and 
dilute alcohol ; insoluble in benzene, ether, &c . ; 
it does not crystallise (Posternak, Compt. rend. 
1903, 137, 337 and 439). In plants it is associ- 
ated with an enzyme, phytase, by which it is 
hydrolysed into inositol and phosphoric acid ; 
this hydrolysis can also bo brought about by 
dilute acids or by 20 p.c. caustic soda at 220° 
(Wintorstoin, Zeitsch. physiol. Chem. 1908, 58, 
118 ; sec also Neuberg, Biochom. Zeitsoh. 1908, 
9, 667 ; Leveno, ibid'. 1909, 16, 399 ; Nouberg, 
ibid. 1909, 16, 406), 

The solution of the pure acid is stable and, 
when administered to animals by the mouth, 
has no ill effects (Mendel and Underhill, Amer. 
J. Physiol. 1906, 17, 76 ) ; 35 p.c. is absorbed by 
the organism, the remainder being eliminated as 
inorganic phosphates (Horner, Biochem. Zeit. 
2, 428). 

PHYTOSTBROL (phytosterin) 

Ca„H440,H20, or 02,H4„0 
is vegetable chole.sterin (Hesse, Annalen, 1872, 
192, 176). It is contained in calabar beans, 
in the bark of Ilamamelis virginianu (Linn.) 
((xriittner, Arch. Pharm. 1898, 236, 278) ; in 
nho bark of Berheris ; in Ergot, in the leaves of 


Eriodictyon crassifolium (Bcnth.) (Power and 
HOOG'^ ' 'H j 'I'utin, Pharm, Rev. 1906 24, 309) ; in prunas 

is formed on heating the tetraliydro acids with bark (Pinnemoro, Pharm. J. 1910, [iv.] 31, 604) ; 
aqueous hyclriodic acid at 240°. It melts at in the dried rhizome and roots of the yellow 
300°; itfi' methyl ester melts at 71° (Baoyer, I jasmine (Moore, Chem. Soc. Trans. 1910, 2226), 
Ber. 1886, 19, 1806; Annalen, 1888, 246, 170; i and of the Cimeijuga racemosn (Nutt.) (Finue- 
1889, 251, 267). Its synthesis has been acoom- ^ more, Pharm. J. 1910, [iv.] 31, 142) ; in the 
plishod by Mackenzie and Perkin (Chem. Soc. j lichen, 7iMfZomrpo?i (L.)Ach. (Plesse, J. 

Trans. 18’92, 61, 174). | pr. Chem. 1898, [ii.] 68, 466) ; in wheat germs, 

The cis- form, m.p. 162°, is obtained by j in the wild cherry bark, in tape oil, in coeoanut, 
reducing the very soluble broino-hexahydro- * cottonseed, and in nearly all vegetable oils, and 
terephthalio acid with zinc dust and acetic j in various lamp oils (Marcusson, J. Soc. Chem. 
acid. Its methyl eater does not crystalli.se. j Ind. 1901, 484). It has also been found, pro- 
2 : 5-dichloroterephthallC acid has been pre- 1 bably in the form of esters, in certain peaty soils 
pared by Bocehi (Gazz. chim. ital. 26, ii. 406) i (Schreiner and Shorez, Chem, News, 1912, 106, 
from the diehlorocymeno by oxidation with j 40). See also Kerstoin (Chem. Zentr. 1899, ii. 
nitric acid. 91) ; Miigge (Zeitschr. Nahr, Oenuss. 1898, 1, 

Terephthalio aldehyde I.- c ’v ! 46); Schmidt and XCerstein (Arch. Pharm. [iii.] 

described in the case of jfi.j:. n..:. ;:;. 28, 49) ; Matthes and Rohdich (Ber. 1908, 41, 

nalen, 1906, 347, 110). I ; i.x'-.-i io; . .! i-d;; -, i 19, 1691); Matthes and Aqkermann {ibid. 
m,p. 116°. ^ 2000) ; Cohen (Arch. Pharm. 1908, 246, 516, 
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592) ; Powera and Rogerson (Pharm. J. 1909, dibromides in a mixture of other and glacial 
iv, 29, 7 j ibid. 1910, [iv.] 30, 326) ; Sani (Ohein. acetic acid (Windaus, Ohem. Zeit. lOi'O, 30, 
Zentr. 1903, i. 93); Tarboariech and Hardy 1011). Eor the detection and estimation of 
{ibid. 1907, ii. 969) ; Sanders (Arch. Phariu. phytosterol in fats, see Krcis and Wolf, Cheni. 

1908, 246, 165); Mabthes and Heintz (ibid. Zeit. 1898, 22, 805 ; Eoenstcr, 1899, 23, 188; 

1909, 247, 161) ; Klobb (Oompt. rend. 1909, AVirthle, ibid. 250 ; Krcis and Rudin, ibid. 980 ; 
149, 999) ; Power and Moore (Chem. Soc. Trans. Juckenack and Hilger, Arch. Pharm. 1898, 236, 
1909, 246, 1987) ; Dorde (ibid. 649) ; Rogerson 367 ; Ritter, Ohem. Zeit. 1901, 25, 872 ; ibid, 
(ibid. 1910, 1012); Menozzi and Moreschi (Chera. 1902, 26, Rep. 100. 

Zentr. 1910, i. 1777). Eor other literature on phytosterol, compare 

Extraction. The seeds, bark, or leaves are Power and Tutin (Ohem. Soc. 'Trans. 1908, 909); 
treated with ligroin, the solution is then evapor- Molinari and Eenaroli (Rer. 1908, 41, 2785); 
ated, the residue dried between filter paper and Heiduschka and Oloth (Ohem. Zentr. 1908, ii. 
crystallised from alcohol. From oils and fats 1519). 

phytosterol is obtained by saponification with PICAMAR CioHi403 is easily obtained from 
alcoholic alkali and subsequent extraction with wood tar ; preferably from birch tar, which 
ether (Raumer, Zeitscli. angew. Ohem. 1898, 24, contains it in largest quantity. It is isolated 
555 ; Wolf, ohem. Zeit. 1898, 22, 805 ; Heidu- by means of its potassium compound, which is 
schka and Gloth, Pharm. Zentr. -h. 1909, 50 purified by recrystallisation and docomposefl 
333). Phytosterol crystallises in needles and by an acid; is a colourless, 1. A' i.V-n l'! ,;0 
in plates, is soluble in chloroform, but insoluble oil; b.p. 290° (corr.); andof .sp.g;. i dVrJd,-; :.i 1.. . 
in water and in alkalis a.nd gives the same R has a bitter taste, savouring of pepper- 

reaction as_ cholesterol with chloroform and mint, and a characteristic smoky smell, it is 

sulphuric acid. It has m.p. 132°-136°, but this, only slightly soluble in water, but freely soluble in 
as well as its constitution, varies with the alcohol or acetic acid. Its most characteristic 
source from which it is obtained. reactions are the intense blue-green colouration 

Windaus and^ Plauth have resolved the which it gives with ferric chloride in alcoholic 
'■'■"I ' li' ' of calabar beans into two solution, and the in.solublo compounds it forms 

■' ■> ' ■ : stigmasterol or 0-plii/tosterol, with the alkalis and alkaline earths. Heated 

GaoHgoOjHaO or 03()H4aO,H2O, m.p. 170°; with hydrocldorio acid at 140° it is decom- 
[a]j^-45'01° at 21° in CHOlg, which gives a posed with formation of methyl cldoride, and a 
sparinglysoluble 6romzdeand an acetofe, m.p. 141°, crystalline product (m.p. 80°) identical in com- 
and a tetra-bromo-acetate decomposing at 211°- position and properties with the substance 
212°. similarly obtained by Hofmann (Ror. 11, 329) 

(2) Sitosterol or a-phytosterol, C27H48O or from c'limethylpropylpyrogallol. This resolu- 
C27H44O, m.p. 136°-137° [c(]p-34*4° in ohloro- tion of picamar may be expressed by the 

form, which is identical with the phytosterol j TJri|_ n ir Lrur fi 

contained in wheat germs (Burian, Monatsh. I LjoHiiUg-l-HOl— OglljaUa-hORghf. 

1897, 18, 551). It yields a readily soluble | The diaceto- derivative CioHio(C.2ll30)aOs is 
bromide, and when reduced with sodium and ] easily obtained by boiling picamar (one i)art) 

alcohol fo’---- -’■••'■-■J--.--/ C. 27H48O, m,p. 'with acetic anhydride (two part,s) for two hours. 

175°, the . 1 ■ . ■ reduction yields RecrystaUised from alcohol, it is obtained in 

02,H4g, m.p, 80°-81°. It is long colourless necdle.n (m.p. 83°). This is con- 

p ■ ; : : )st of the phytosterols of m.p. verted by the action of bromine into the dihromo 

about 135° consist entirely or chiefly of sitosterol dcrivp+”’-“ w O)„03. The potas- 

(Ber. 1906,39,4378; iftiVi. 1907,40.3681; Pickard shim ; ^ ' joHjaKoOa is easUy 

andYates.Chem. Soc. Trans. 1908, 1929; Windaus obtai; . . . ■ alcoholic potash to 

and Welsoh, Ber. 1909, 42, 612). According to the alcoholic solution of the snb.stance. The 
Thoms (Arch. Pharm. 1897, 235, 39), the term above results indicate that picamar is the 
phytosterol should be given to all unsaturated j monomethyl derivative of --i I..;.'!.'-;- ;i:.- 

alcohols of liigh molecular weight, which give | of jiyrogallol, probably p.";-;.','- ' :);.■■■ p.a..ii, ;in|u 
the characteristic cholesterol colour reactions . may be represented thcrefori! by the consti- 
and which owe their origin to physiological ; tntional formula : M,eO-(J3H3(C3H_)(OH).3. 
processes similar to those producing cholesterol. ; PICEA. The spruce-lirs : a genus of trees 
Phytosterol esters may ho obtained by heating ! belonging to the conifers, the most imjtortant 
the alcohol with 6 times its weight of the re- ! European member of wdiich i.s the Norway 
quired acid or anhydride in a sealed tube on the i Spruce (P. excelsa), constituting the ‘ White 
water bath. The melting-points of some of the | Norway,’ Christiania, and Danzig deals of the 
esters differ with the source of the phytosterol, j timber merchant, much used for flooring, joists, 
but in all cases they are considerably liigher than \ and rafters. The waste portion.^ cd the trunks 
the corresponding cholesterol esters, and this and smaller branches are made into splints for 
can be used as one method of distinguishing the match manufacturer ( v . Matche.s). Spruce 
between the two alcoliols (Bomer and Winter, wood is also used in the manufacture of paper 
Zeitsoh. Nahr. Geuussm. 1901, 4, 865 ; Jaeger, (v. Cellulose). ‘ Spruce rosin ’ or ‘ frank- 
Rec. trav. chim. 1907, 26, 311 ; Menozzi and incense ’ is mainly obtained from P. excelsa, 
Moreschi, l.G.) ; for other methods compare! and is used in making the better varieties of 
Kreis (Chem, Zeit. 1899, 23, 21) ; Ottolenghi | Burgundy pitch ( v . Rukgunijy pitch). The 
(Atti. E. Accad. Lincei, 1906, [v,] 15, i. 44); 1 bark and young cones of sju'iiee are emydoyed 
Jaeger (Rec. trav, chim. 1906, 25, 334). The as tanning materials by the Norse peasantry 
.separation of phytosterol from cholesterol is and an infusion of the buds in milk is used by 
based on the dill'erenee of the solubility of their them as a remedy for scurvy. Spruce beer i,y 
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made by _ adding a decoction of the green cone Welter obtained it later as a degradation pro- 
to tiK^ wort before fermentation, 'rhe needles duct of silk with lutric acid (Ann. ebim. Phys. 
of the Norway spruce, common silver fir {Abien [i-] 29, 301), and Liebig was the first to analyse 
rtita), and some other conifers are used in the the substancio, describing its salts and giving 
manufa,cture of pine wool’ or ‘forest wool,’ it t]i.e name carbazotic acid (Schweigger’s Ann. 
which IS spun and woven with cotton or wool 47, 373). Its present name of ‘picric acid 
to make hygienic flannel.’ The black spruce (Creek Trhcpos=bitter) is due to Dumas, who 
(i . nigia) is chiefly found in Canada and New- definitely established its composition. Laurent 
foundland. The spruce beer of America is eil'ected its synthesis from phenol and ascertained 
made from the young shoots of this tree : the its chemical constitution (Ann. chim. Phy.s. 
concentrated ^infusion of the buds constitutes [iii.] 3, 221). 

Lssence of fepruce. Another species found in Picric acid has been known in the literature 
Canada is the White Spruce (P. alba). under various names, such as yellow gall, bitter 

Closely alhed toFicea is Psiipa, including the yellow, or as chrysolepinio acid, a name duo to 
xiemiock bpruce {1 • canadensis), the bark oi iSchunok, Coiicorniiig picric acid there is an 
which is used for tanning. extensive bibliography, much of wMeh is due 

Another ally is the Douglas fir {Pucudotsuga to early workers at the beginning of last century, 
Fougkmi and P. 'imicrocarpu), which freciuently when the dyeing properties of this substance 
nses to a height of 200 feet with a trunk measur- were considered important ; oidv a selection of 
ing 8 to 10 in diameter : its timber is imported these references can be given here, along with 
as Ore^n pine. the more recent investigations. 

PIGENE. ^ Picene is contained in the least Preparation. For its laboratory prepara- 
volatile portions of the residues from the rec1/i- tion, one part of pure phenol is dissolved in an 
lication of petroleum. It is one of the least equal w'cight of concentrated sulphuric acid, 
soluble constituents, and is best obtained by and this solution added to 3 parts of nitric acid 
continual boiling with heavy coal-tar oils and a of sp.gr. L4 in .small quantities at a time ; after 
small quantity of stron’ j ,,, ’. Picene the first energetic action ha.s subsided, the 
forms small colourless ■ _ affected mixture is carefully heated on a water bath for 

by ordinary solvents, the best being aniline, 2 hours. On cooling, the product solidifies to 
toluene, and the heavy coal-tar oils. Fuming a mas.s of crystals, which are collected, washed, 
sulphunc acid dissolves it with an emerald-green and recrystallised from hot water (Laurent, 
colouration ; ordinary sulphuric acid acts in the Ann. Ghim. Phys. [iii.] 3, 221). 
same way. If in the latter case heat bo gradu- It has been obtained by the action of hot 
ally applied the colour of the solution changes nitric acid on indigo (Woulfo) : aloes (Schunok, 
from blue to greyish blue, and finally, at the Armalon, 39, 7 ; 66, 234 ; c/. Marchand, J. pr- 
boiling-point, to deep grey. If forms con- Qhom. ^,)l) Botany Bay ox Acuroid resin, 

jugated sulpho acids, characterised by tlie the resin of Xanihorr'hoaa hnstilis (R. Br.) (Sten- 

beautiful blue-.- r v fl . ■ c .f their aqueous house, Ghem. Soo. Mem. 3, 10; Bolley,W. J., 1868, 

solutions. Pill-! • , , ■ to 337°, and 460; Wittstein, Dingl. .1. 216, 272) ; jjrim henzom 

l»nis at 518 to 520°. Its vapour density is 9-77, (Lea, Silltnan’s Amer. J. [ii.] 26, 381 ; Kopp, Ann. 
the formula Gaahiu requiring 9’50. With picric chim. Phys. [iii.] 13, 233); salicin (Piria, Annalen, 
acid it forms a red cry.stalline compound, ea.sily 56, 03); saligenvn, salicylic acid, phlorizin, cou- 
docomposed by water and alcohol. It is an marin, balsam of Peru, tribromo-phenol, the 
orange-red crystalline powder, which, on heating, niirophenols, and in general is the ultimate 
is partly decompo.sed and partly volatilised in product of nitric acid upon most monophenolic 
the ftjrm of thin n(!edle.s. The latter melt at substances {rf. Harding, Ghem. Soc. Trans. 1911, 
190°, are insoluble in water and sodium bisul- 99, 1685). 

f)hito, but easily soluble in culcl sulphuric acid. Other interesting methods of formation are 
When strongly heated with zinc-dust, picene thej following : oxidation of symmetiical tri- 
is obtained, and at a lower temperature i)icene- nitrobenzene with potassium ferrioyanide ; the 

oxide, a. —’1 :■ Iwliichresemble.s picene, acidic nature of the nitro groups facilitates 

melts ai ■■ ■■, ■. i . ■ the formula G^.^Hiaq. the .substitution of -OH for Ii'(Hepp, Ber. 1880, 

Dibromopieene is obtained by bromi- 13, 2346) ; aqueous sodium carboufito on pioryl 

nating a solution of picene in chloroform. It chloride (Ber. 1870, 3, 98; .T. pr. Ghem. [ii.] 
forms long whit" ■ at 294° to 296°. 1, 145). 

PICOLINE, .\(;il) V . Bone om. Manufacture. Picric acid wa,s formerly 

PICOTITE CniiOMiTE. manufactured from acaroid resin until Lau- 

PICRAMIO ACID V . Niteoj'Henols. rent’s discovery of the fact that it forms the 

PICRIC ACID 0 gH 2 (NO 2 ) 30 H, or sym- end product of the nitration of iflienol led to 
OH the adoption of this method for its produc- 

ND / ' xm in-r'Ui r.’f ’ .p. 160°-]90°, 

metrical Irinilropthenol, is the was employed I'l-i,' . .-r .1. 1862, 

585), l)ut tliis was soon replaced by the pure 
NOa crystallised substance which is now very largely 

oldest artificial organic dyestuff, having been u,sed. To avoid the violent reaction wliich 
lir.st prepared by Woulfe in 1771 by the action ensues on nitrating phenol, and to lessen the 
of strong nitric acid on indigo, who remarked amount of resir..!;;- it is usual to 

upon its remarkable faculty for dyeing silk a sulphonate the p!;--":,. ' in ;l:c( llr-i instance, and 
Inight yellow shade. Haussraann repeated this then act on the resulting - '>-- -, ■>,.-. 1 ,- 1 --.-.'- 
preparation in 1788, and investigated its acid with nitric acid. Aocordii ,• ■ " ■■ . Ihom. 

])roporties, oljserving too its extremely bitter News, 37, 145), equal weights of pure c'rystal- 
and nauseating taste (J. Phys. March, 1788). Used phenol and sulphurio acid (sp.gr. 1-843) 
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are heated by steam at 100° in large iron vessels 
provided with mechanical stirrers, and the 
action, is allowed to continue until a test speci- 
men is completely soluble in water ; strong 
nitric acid (4-5 mol prop, to 1 mol. phenol) is 
then gradually added to the cooled product, 
which is kept web. stirred until the reaction is 
complete. In some works the nitration is 
conducted in a second vessel, the phenolsul- 
phonic acid being first diluted with twice the 
quantity of water, and then added gradually to 
the strong nitric acid contained in a stoneware 
vessel. In either case the picric acid is obtained 
as an ohy, syrup-like mass, yielding large ory.stals 
on cooling ; these are broken up, separated from 
the mother-liquor either in a filter press or 
centrifugal machine, washed once or twice with 
cold water, and then recrystallised from water 
containing about 1 p.o. of nitric acid, or A p.c. 
of sulphuric acid. In this way much or the 

— matter is removed and 

purified by conversion into 
sodium salt, insufficient soda-lye or sodium 
carbonate solution (Lea, Silliman’s Amer. J. 
[ii]. 32, 182) being added in the first instance in 
order to bring about the separation of the 
remainder of the resinous matter. The filtered 
hquor is then rendered distinctly alkaline, 
whereby practically the whole of the sodium 
picrate is precipitated, owing to its insolubility 
in the alkaline liquid, and the precipitate is 
pressed, washed -with cold water, and finally 
decomposed by adding an excess of sulphuric 
acid to its solution in boiling water — an excess 
of acid being employed inasmuch as picric acid 
is practically insoluble in a solution of sodium 
bisulphate. 

An increased yield of picric acid is said to be 
obtained by heating phenol with pyrosulphuric 
acid at ].00°-110°, and nitrating the resulting 

" '■ ■" .1 ’■ ■■ ■ acid at 100° by the gradual 
. ■ ■ alculated quantity of sodium 

nitrate (Eisenmann and Arche, D. R. P. 61321 
of May 8, 1889 ; Eng. Pat. 4539 of 1889). 

E. de Lorn de Berg has qmtented a method 
for the preparation of picric acid from crude 
phenol (D. R. P. 51603 of June 9, 1889 ; Eng. 
Pat. 18904 of 1889). The crude material is 
either fractionally sulphonated — the first frac- 
tions consisting of phenolsulphonic acid, which 
is subsequently nitrated — or converted wholly 
into sulphonic acid, and the mixture of sulphonic 
acids fractionally nitrated, the last fractions 
consisting of picric acid. The sulpho deriva- 
tives of the cresoLs are very soluble in water. 

Kohler (D. R. P. 67074; Erdl. 1890-1894, 
804) describes a process consisting of heating 
100 parts phenol with 1000 parts concentrated 
sulphuric acid for 2 hours at 170°, which give.s 
rise to phenol disulphonic acid ; 96 parts 

(1 molecule) of dry powdered Chile .saltpetre 
are now added and heated to 140°. This nitro- 
phenol-disulphonic acid is diluted with 320 
parts of water and heated to 80°-90° with 244 
parts Chile saltpetre, allowing the temperature 
to reach 140° in about 2 hours. 

Gutensohn (D. R. P.,126197; Erdl. 1900- 
1902, 116) proposes to obviate the explosive 
violence of the direct nitration of phenol by 
adding a solution of phenol in heated paraffin 
oil, or other similar mineral oil, to strong nitric 
acid which has also been covered by a layer of 


paraffin, further quantities of this oil being 
added from time to time to dissolve 
phenol. 

Wichardt (Er. Pat. 345441 of 1904; Erdl. 
1905-1907, 131) suggests a method of pre- 
paring picric acid without external heating, by 
admixture with aliphatic alcohols. A 95 p.c. 
yield is obtained when 20 parts phenol are 
mixed by constant stirring, with 100 parts 
nitric acid (sp.gr. 1-4) and 30 parts alcohol. 
Crude picric acid separates on cooling. 

Wengholier (E. R. P. 125096 ; Eng. Pat. 16371 
of 1900; ErcU. 1900-1902, 115) has used ani- 
line as the initial material, converting thi.s 
into sulphanilic acid, and treating the diazotised 
product with nitric acid; 50 grains aniline yield 
110 grams picric acid. 

In the process of Wolfienstcin and Boters 
(D. R. P. 194883 ; Eng. Pat. 17521 of 1907 ; Erdl. 
1908-1910, 141, 142 ) 400 grams benzene, 1350 
grams nitric acid (sp.gr. 1-39), and 50 grams 
mercuric nitrate are mixed and warmed on the 
water-bath. The products are 380 grams picric 
acid, 160 grams nitrobenzene, 2 grams o- 
nitrophenol. The nitrobenzene is removed by 
distmation, leaving crude picric acid as the 
residue. Oxides of nitrogen may bo sub.stitutcd 
for nitric acid in presence of cither mercury or 
its salts (I). R. P. 214045). . 

The Government regulations for the manu- 
facture of picric acid regard it as an explosive 
except when it contains not less than half its 
weight of moisture. 

Properties. Picric acid crystallises from 
Avater or alcohol in lusii'oiis, bright-yellow 
leaflets, and from ether in rhombic prisms melt- 
ing at 122'6° ; it sublimes when cautiously 
heated, - .' ‘ Ty (Berthelot, 

Ann. Cl . . . ■ . : i . 

It is sparingly soluble m cold, but more 
readily soluble in hot, Avater, 1 part of the acid 
dissolving in 166 parts of Avatcr at 6°, in 86 parts 
at 15°, 81 parts at 20°, 77 part.s at 22-5°, 73 
parts at 26°, and in 26 part,s at 79° (Marchand, 
J. pi’. Chem, [i.] 44, 92). 

The solution is more intensely coloured than 
the ordinary crystallised salt, and dyes the 
skin and animal fibres a deep yelloAV; 1 m.g. 
of acid in a litre of Avater colours the solution 
quite ajiprcciably. 

Picric acid dis.solA’cs readily at ordinary 
temperatures in alcohol or moist ether, and in 
about 1 0 parts of benzene : it is also soluble in 
' : ■ ' ’ ■ acid, forming a colourless 

■ , ■■ ■ the picric acid may be 

partially preeijiitated on dilution. 

Picric acid can be obtained in colourless 
crystals on ■ ■. ■ joncentrated 

hydrochloric 1900, 

3.3, 1128). By washing the.se cry.stals Avith 
Avater they develop a yelloAV colour, and the 
almost colourless mother liquor also becomes 
yelloAver on dilution Avith Avater. If ordinary 
picric acid be dried over concentrated sul- 
phuric acid in a vacuum desiccator, it gradually 
assumes a lighter colour, and ultimately becomes 
almost colourle.ss. Pure and perfecl-ly dry picric 
acid may therefore be considered a colourless 
compound. 

It has prop-r-r I \r- explain these facts 
I by the d'.--- .>c::r, k'-:. li. as Avith other- 

strong acids, ionisation is effected in presence 
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of a mere trace of water, forming C5H«(N02)30 — 

and H, the former complex ion being yellow. 
If, however, to this ionised solid or to its aqueous 
solution another strong acid like hydrochloric 
or sulphuric acid is added, then the picric ions 
associate again, the complex ions disappear as 
such, and the solution becomes paler. Ordinary 
or moist picric acid and the fused acid are both 
yellow ; even specimens of the almost colourless 
acid give an intensely yellow melt. A striking 
illustration of these facts may be obtained by 
shaking commercial picric acid with light petro- 
leum ; as the solvent is a non-dissociating medium 
a colourless solutionis obtained, ■; v 

over, only little picric acid, i 
petroleum solution bo now shaken with water, 
the solution becomes intensely yellow. Nearly 
colourless picric acid separates from hot con- 
centrated solutions of light petroleum as white 
crystals on cooling. Similar bleaching elieets 
on desiccation have been observed on fabrics 
themselves dyed with picric acid by Jdreaper and 
Stokes (J. Soc. Dyers, Col. 1909, 25, 10). 

Anhydrous ethyl ether dissolves picric acid 
only sparingly, and the solution is colourless 
until a trace of water be admitted, when the 
colour develops, and much more picric acid can 
noAV be dissolved in the moist ether (Bougault, 
J. Pharm. Ohim. 1903, [iii.] 18, 116). 

It has been stated by Vignon (Compt. rend. 
1909, 148, 844) that the depth of colour of a 
picric acid solution varies according to its con- 
ductivity. Aqueous solutions dye wool and 
then become impoverished when their conduc- 
tivity diminishes to a certain value. This im- 
poverishment can also bo brought about by 
adding livd'- chliric .'.cdd. The iixation of the 
dye on ; iin liv't-e ascribes to the action 

of the highly ionised dyestuff, the complex 
coloured ions combining with the fibre ; it 
would seem, therefore, to be not a salt-forming 
phenomenon (c/. von Georgievics, Ber, 1906, 39, 
1536; Sommerhoff, Zeit. Farb. Ind. 1906, 5, 
270). 

ytepanoff (Annalen, 1910, 373, 219) states 
that the soiul)ility of picric acid in water de- 
creases by the addition of hydrochloric acid, 
until it reaches a minimum \rhen the solution 
contains roughly 0-5 millirnolecule of picric 
acid and 150 niillimolecules of the mineral acid 
in 100 c.c. of solution, after which the solu- 
bility increases as the concentration of hydro- 
chloric acid becomes greater. Be explains this 
change as being due to an additive compound of 
picric acid and hydrochloric acid, which is 
stable only in definite concentrations of hydro- 
chloric acid, atid dissolves readily in this acid 
when the fjoncentration favourable to the. exist- 
ence of the addition compound is reached (c/. 
also J. Pvuss. Pliys. Chem. 8oc. fOlO, 42, 495). 

Other solubility measurements in various 
media, and variou.y other physical properties, have 
been observed by Findlay (Chem. Soc. Trans. 
1902, 81, 1219), Sisley (Bull. Soc. ehim. 1902, [iiL] 
27, 90 1 ), Marchand (J. pr. Chem. 1848, [i.] 44, 91 ), 
Dolinsky (Bcr. 1905, 38, 1835), Drucker (Zeitsch. 
physikal. Chem. 1903, 46, 827 ; 1904, 4^), 563), 
Bougault (J. pharm. Chim. 1903, [vi.] 18, 116), 
Gorkt! fZeitsch. physikal. Chem. 1908, 61, 495). 

Addition-compounds. Picric acid possesses 
the pro2)ei'l.y of combining in molecular propor- 


tions with many aromatic hydrocarbons and 
phenols, giving crystalline additive compounds 
with a fair degree of stability (Fritzsche, J. pr. 
Chem. [i.] 73, 212 ; Annalen, 109, 247 ; Berthelot, 
Bull. Soc. chim. 1867, 7, 30). 

Benzene forms sneh an addition imoduct 
C(,I1,;, C6ll.,(N02)30H, which crystallises in 
yellow nceiiles, m.p. 85°-90° ; it decomposes 
at the ordinarj^ temperature in a vacuum 
desiccator, or by solution in w^ater. 

Naphthalene forma a molecular compound 
on fusion with picric acid or on mixing alcoholic 
solutions of the tw'o components, yielding 
golden-yelloAV ci-ystals, m.p. 149-5° ; several 
eutectic mixtures may also be obtained. It is 
decomposed by large excess of alcohol (Sapo- 
schniicoff aiid RclultoAVsky, J. Russ. Phys. Chem. 
Soc. 1903, 35, 1073). 

The anthracene derivative is obtained by 
mixing concentrated alcoholic solutions of the 
hydrocarhou and acid, when beautiful ruby-red 
needles separate having the m.p. 138° ; it is 
resolved into its components on dissolving in a 
lai-go volume of alcohol, water, or ether (c/. 
Bchrend, Zeitsch. physikal. Chem. 1894, 15, 
183). 

Bhenanthrcne yields a stable picric acid 
derivative, which ma.y bo reorystailised rrora 
alcohol and obtained in golden yellow crystals, 
rn.p. 143'-' (Ilaydnok, Annalen, 1873, 167, 177). 
Ammonia liberates the hydrocarbon in the 
pure state, -f-'-r'l-"- - r-rr-- of separation of 
phenantln’Oi ■ ■■ ■ , > . 

Phenol and jpioric acid form an additive 
compound which molts at 53° ; it decomposes 
at 100° or in a desiccator over sulphuric acid at 
ordinary temperatures (Goediko, Ber. 1893, 26, 
3042). The same author has made a pierate of 
acetofltmone, and suggests the rule that substi- 
tuted phenols, &o., only form pierates when the 
sub.stituent is in the oriko-position. 

a-Naphihol pierate 

Ci„H,( 0 H),G«H 2 (N 0 ,) 30 H 
crystallises in orange-yellow needles, m.p. 189°, 
and is very soluble in alcohol or ether. 

The (i-naphthol derivative exists as yellow 
ncedle.s, m.p. 155°,' readily soluble in alcohol, 
ether, or chloroform, although decomposed by 
ammonia. Comlunation is said to take place 
acoordiug to the law of adsorption, as the amount 
of compound formed depends on the concentra- 
tion of thc! hydrogen ions (Pelct-Jolivct and 
Hcnny, Bull. Hoc. Chim. 1909, [iv.J 5, 623 ; cf. 
also Kurilofl, Zeitsch. physikal. Chem. 1897. 23, 
90, 673 ; 24, 441 ; and Brnni, Gazz. ehinn ital. 
1898, 28, ii. 508). 

It has been shoAvn by Bruni and Tornani 
(Chem. Zentr. 1904, ii. '954) that compound.s 
possessing an allyl grouping, •OBj-CHiCIla in 
the side chain, like safrol, methyl eugenol, and 
apiol, do not combine with picric acid, whilst 
compounds containing F ' i’-'; ’ .-v- 

--CB^CH-CBs react ■ .( Id , - .! 

lene conipourid.s like pijieronal, and ketones such 
as cyclohexanone also form well-de lined pierates, 
Gilison describes the pierate of nitroanilino 
(Chem. Soc, Ti-ans. 1908, 93, 2100), and Tildcn 
and Forster have ijreparcd a crystalline deriva- 
tive of pinene and picric acid, m.p. 133° (Chorn. 
Soc. Trans. 1893, 63, 1388). 

In addition to the above additive inoducts, 
picric acid forms very characteristic crystalline 
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dcrivativea with most organic bases like xiyridine 
and the alkaloids, and therefore provides a 
ready and valuable means for their purification 
and identification. 

Reactions. — 

verts picric , ■ ! ■ ■ ■ , or 

picryl chloride, m.p. 83°. Ferrous salts or 
alcoholic ammonium sulphide reduce the acid 
to '1---:-^— \ Qj. picramio acid, m.p. 

168" ■ mmerly used as a brown 

dye (Girard, Compt. rend. 36, 421); whilst 
aqueous ammonium sulphide reduces it to 
diaminonitrophonol (Griess, Annalen, 1869, 154, 
202). Complete reduction of all the nitro 
groups is effected by tin and hydrochloric acid, 
the triamino phenol thus formed being charac- 
terised by the deep blue colour which it gives in 
aqueous solution with ferric chloride (Roussin, 
Wagner’s J., 1861, 636). 

A hot solution of picric acid reacts with 
potassium cyanide forming a strongly coloured, 

brown-red g-''--''--;-- -f or iso- 

purpurio acic.. \i) Gi formerly 

Imown as a ■ , lasiwetz, 

Annalen, 185 ' \ . . . A'agner’s 

J., 1868, 661 : :m_.. : . i ,, ,64). A 

like reaction occurs with the cyanides of all the 
alkalis and alkahno earth metals, and with 
magnesium, cadmium, and zinc, whilst silver, 
copper, and mercury cyanides do not show 
this reaction (Varet, Compt. rend. 112, 339 : 
119, 662). 

Borsohe has contributed to our knowledge 
of this as a general reaction for nitrophenols 
(Ber. 1900, 33, 2719, 2995; 1903, 36, 4367; 
1904, 37, 1843, 4388), and ascribes to iso- 
purpuric acid the constitution 

Oe(NOa),(CN)2(OH)NH-OH. 

Boilmg picric acid with alkalis seems to 
eliminate one nitro group as ammonia, and both 
prussic acid and a nitrite can he detected in 
the aqueous solution as alkali salts (Wedekind 
and Haeussermann, Ber. 1902, 36, 1133). 
Oxidation with hydrogen peroxide in i^resonce of 
ferrous salts yields an intense green solution, 

and the product reacts with 

(Fenton and Jones, Ohem. Soc. '. . ■ ■ ‘ 

76). Oxidation with chromic acid causes no 
liberation of nitrogen (Oechsner do Coninck and 
Combe, Compt. rend. 1899, 128, 239). 

Sodium carbonate seem' 
property of precipitating ■ .■ ■■ p ■■ ■ ■ ■ 

solution. A single drop of a cold saturated 
solution of a picrate added to 10 c.c. of a 1 p.c. 
solution of the carbonate produces a slight 
turbidity, and with increasing concentration 
of the carbonate solution, or larger quantities 
of the picrate, the phenomenon becomes still 
more conspicuous (Reichard, Zoitsch. anal. 
Ohem. 1904, 43, 269). The potassium salt is 
very sparingly soluble, and for this reason 
serves as a qualitative te ' " ■ . 4 ■ . 

A hydrazine picrate ( ■ ' ' ■ . ' ■ ' ’ . k ' is 

described by Silberrad a: ' ■ ^ i . - do. 

Trans. 1908, 93, 474), Picric acid stains may 
be removed by a solution of alkaline sulphide 
or polysulphide, followed by a thorough washing 
with soap and water (Boughult, J. Pharm, Chim. 
1903, 18, 158). 

Detection and estimation. Picric acid is not 
volatile in steam, and can readily be detected 
by its bitter taste and the sparing solubility of 


its potassium salt. The usual tests arc five in 
number, and are given below, with thei|; limits 
of sensitiveness subjoined : I. The isopiirpuric 
acid reaction, showing a blood-rcd colouration 
on warming picric aci(l with potassium cyanide 
and soda ; limit, 1 ; 5000. II. The picramic 
acid reaction, giving rise to a blood-red colour 
on heating with sodium hydroxide and grape 
sugar ; limit, 1 : 7000. III. Picramic acid re- 
action with sodium hydroxide and ammonium 
sulphide ; limit, 1 : 12,500. IV. Yellowish- 
green crystalline precipitate of hexagonal 
needles, which polarise light, is obtained when 
ainmoniacal solution of copper sulphate is 
added to picric acid in water ; limit, 1 : 80,000. 
V. By dyeing white wool ; degree of delicacy 
is 1 : 110,000, The reactions 11. and V. are less 
sensitive in presence of fats or other impurities. 
Rymsza (Zeitsch. anal. Ohem. 1897, 36, 813) 
describes a method of extracting and treating 
mixtures containing picric acid only in traces 
in order that the above tests may subsequently 
be applicable. The method consists in macerat- 
ing the substance with dilute sulphuric acid, 
mixing with 3 volumes of 95 p.c. alcohol and 
digesting for 24 hours at 50°-60°. After filtra- 
tion and evaporation of the alcohol, any fat is 
removed by shaking with light petroleum, and 
the liquid is then acidified with hydrochloric 
acid and extracted repeatedly with ether. In 
cases of picric acid poisoning the urine is always 
coloured red- brown by presence of picramic acid ; 
the picric acid may he extracted with other after 
simply acidifying, and the above teats, prci- 
ferably I., applied. 

An aqueous solution of pioric acid gives with 
methylene blue, in the cold, a violet llocculent 
precipitate, soluble in other, chloroform, or hot 
water. These coloured solutions vary from 
blue to green. When the solution in chloroform 
is evaporated, a violet residue is obtained 
(Swohoda, Chem. Zentr. 1896, ii. 717 ; Zcitsch. 
anal. Ghem. 1897, 36, 513). Lacquers tested 
in this way for picric acid should first be dis- 
solved in a little alcohol. It is claimed that the 
picramic acid test (II. and III.) is sensitive to 
1 part per hundred thousand if the reduction is 
effected with sodium hyposulphite in presence 
of ammonia (Aloy and Fre'bault, Bull. Soc. chim. 
1905, [iii.] 33, 495). 

Picric acid differs from the nitrocresoLs in 
the colourations of its reduction products with 
stannous chloride and hydrochloric acid. 

Rupeau describes the application of the iso- 
purpuric acid test (I.) for tho colorimetric 
estimation of picric acid in beer ; it i.s claimed 
that 0-01 gram of acid per litre may thus be 
r.ecognised (Chem. Zontr. 1897, ii.' 813). A 
reagent is suggested consisting of 6 grams 
ferrous sulphate, 5 grams tartaric acid, and 
200 c.c. of a brine solution ; 0-5 gram of the 
sample of beer is allowed to flow on to 1-2 c.c. 
of the above reagent, and 2 drops of amnionii)' 
are added, and tho mixture gently shaken. A 
reddish colouration appears, sensitive to 0-005 
gram picric acid per litre. 

Schwarz (Monatsh. 1898, 14, 139) has used 
a volumetric method for tho determination 
of nitro derivatives generally, depending upon 
the liberation of iodine by heating in a closed 
vessel at 100° with an icKfatc and iodide. This 
has been improved by Fcder (Ohem. Soc. Abstr. 
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190G, ii. 809), who merely mixes potassium 
iodide»aiid iodate with the ])icriG acid solution, 
iodine being liberated, which is estimated by 
titrating with thiosulphate, ijsing starch solu- 
tion as indiciiior. Por the evaluation of picric 
acid salts it is. neee.ssary to acidify with mineral 
acid, extract with benzene, evaporate, and 
redissolvo the residue in water before proceeding 
with the above titration. The use of a potas- 
sium iodide solution after bromination with 
bromine water, in order to determine the amount 
of halogen absorbed, is recommended by Allen 
(Chem. Soc. Trans. 1888, 53, 592). Sinnatt has 
employed Knecht’s method of titration with 
titanous chloride for the estimation of the addi- 
tive compound with naphthalene (Chem. Soc. 
Proo. li)05, 18, 297 ; c/. Colman and Smith, 
Chem. Soc. Trans. 1900, 77, 128). Picric acid 
in its compounds with organic bases has .been 
cstimatec.' - -’—--v by Kutusow (Zeitsch. 
physiol, t . 166) ; e.g. ptomames 

are readily separated from mixtures by the 
addition of picric acid and the compound can be 
weighed ; but the author recommends the 
determination of the combined picric acid 
colorimetrically either by the spectrophoto- 
meter, or, better, by the use of Hoppe-Seyler’.s 
double pipette (c/. Zeitsch. physiol. Chem. 16, 
505). 

A gravimetric determination of picric acid 
is given by Busch and Blume (Zeitsch. angew. 
Chem. 1908, 21, 354), depending upon the pre- 
cipitation of nitron-picrate, and involving the 
use of the reagent ‘ nitron ’ (described in Ber. 
1905, 38, 856). Nitron picrate, which is very 
sparingly soluble, consists of lemon - yellow 
needles, and after drying at 110° is weighed ; 

the weight multiplied by ^ gives the amount 
of picric acid present in the solution examined. 
The method is not applicable in presence of 
hydrobromio, hydriodic, chloric, perchloric, 
nitrous, nitric, or chromic acids. 

An alternative method of evolution, due to 
^ Utz (Zeitsch. anal. Chem. 1908, 47, 140), is 
recorded, in which picric acid is oxidised with 
hydrogen peroxide in sodium hydroxide solu- 
tion, and the nitric acid produced is preeixhtated 
a.s insoluble niti’on-nitrate and subsequently 
weighed: 1 gram=0‘037406 gram of nitrogen. 

Picric acid may bo quantitatively estimated 
by precipitation with acridine, since acridine 
picrate is very sparingly soluble in cold water 
(Anschutz, Ber. 17, 439). 

Adulteratioi . . C.V. : ; ■. o: i ri 1 p ic e acid some- 
times contains I'ni nrii i?-.-, ■..I:'-.:;! oiihcr arc by- 
T'rr!dnet''-”C. 7 . i;;' ,\e. — foi'ined 

ill i:- in. i .y removed by 

w.!.-; i: g, u" iiO' jo . iii' Accord- 

ing to Winckler (Wagner’s J., 1858, 401), the 
following impurities may be recognised thus : — 
(i) Resin: dissolve 1 part of picric acid in 
60 parts of boiling water, add of the weight 
of sulphuric acid and filter. Any resin will be 
left behind on the filter paper. (2) Oxalic acid : 
examino the siieeinien ■ ’ ;■■■■: ” or dis- 
solve 1 part in 100 parh . ■ , . ■ ■ estimate 

the amount by precipitating with ammonia and 
calcium chloride solution. (3) Nitre, or sodium 
sulphate : treat with alcohol to dissolve the 
picric acid x)roBent, and examine the saline 
residue by the ordinary method, (4) Sugar : 
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neutralise with potassium carbonate, evaporate 
to dryness, and extract the sugar by repeated 
treatment with alcohol ; thou examine the 
alcoholic extract for sugar in the usual A\'ay. 

Casthclaz (Chem. Nows, 15, 140) states that 
common salt and alum arc sometimes used as 
adulterants in addition to the foregoing, and 
treats the specimen with benzene or ether, 
which extract the whole of the iJieric acid, but 
do not dissolve the oxalic acid and various salts 
which may be present. 

Uses in Industky 

Dyeing. Picric acid has the xwoperty of 
dyeing animal fibres and tissues directly in an 
acid bath, but is not fixed by cotton or other 
vegetable fibres, unless previously mordanted 
with albumen or with a mixture of aluminium 
and magnesium acetates ; hence it is sometimes 
used as a means of detecting cotton in undyed 
silk or woollen fabrics. Its tinctorial jiowers are 
great, and it produces on silk and wool a clear, 
bright yellow, which, compared with most other 
yellows, api^cars to have a greenish shade ; but, 
owing to the colour being fast neither to light 
nor washing, picric acid is now but little used 
as a yellow dye, although it is frequently em- 
ployed to produce compound colours with such 
dyes as benzaldehyde-green, methyl-violet, 
indigo-carmine, &c. 

Picric acid has been used in the iireparation 
of certain other dyestuffs of the nigrosine and 
induline class ; it is fused with various monamines 
such as aniline and its hydro obloriclo, in presence 
of ammonium vanadate, and the spirit-soluble 
dye converted into water-soluble dye by sulpho- 
nation and formation of the sodium salt ; a 
nigrosine colouring matter results. The indu- 
linos involve the use of aromatic diamines in a 
similar manner, and glycerol is added to the 
melt (D. R. PP. 84293, 84294 ; Prdl. 1894-1897 
449, 451 : cf. also Bacovescu, Chem. Zenti*. 1908, 
i. 2034). 

Substantive cotton dyes have been prexiared 
from picric and picraminic acids by heating in 
aqueous solution with sulphur and alkaline 
sulphides (D. R. P. 116791 ; Prdl. 1900-1902, 
740). 

Tanning. Its use in the leather industry is 
mentioned by Watenhurger (Leather Manu- 
facture, 1901, 12, 54; J. Soc. Chem. Ind. 
1901, 596). After tanning the hides with picric 
acid solution, they are allowed to drain and then 
transferred to a 1 p.c. tannin extract for 12 
hours ; they are afterwards washed, partially 
dried and fat liquored, and finished in the usual 
way. The xhoric acid is fixed in the grain of the 
material in a permanently insoluble form. 

Explosives. Picric acid is usually said to 
explode on heating, but Berthelot has pointed 
out (Compt. rend. 105, 1159) that this is only 
true when very small quantities at a time are 
suddenly heated, for when heated in any quantity 
the acid melts and gives off vapours which burn 
with a luminous flame without explosion ; iiicric 
acid, moreover, does not under ordinary con- 
ditions explode by percussion. The picrates, 
on the other hand, are readily exploded by 
heating or percussion, and have been em- 
ployed as explosives — lead picrate, for ex- 
ample, being used for filling percussion caps 
(Prat, J. 1874, 1124), Picrates, however, do not 
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contain sufficient oxygen for their complete 
combustion, and hence mixtures of potassium 
or ammonium picrato with either nitre or 
potassium chlorate have been employed 
(Wagner’s J. 1871, 318) — Brugercs’ picrate 
powder, for example, consisting of 54 p.c, am- 
monium picrate and 46 p.c. potassium nitrate 
(Compt. rend. 69, 716). The volumes of gas 
liberated by the explosion of lead, strontium, 
barium, and potassium picrates respectively, 
and of mixtures of potassium picrate with 46 p.c. 
of nitre or 50 p.c. of potassium chlorate, have 
been measured by Roux and Sarrau (Compt. 
rend. 77, 478 ; 79, 757), and the volume and 
composition of the gas, together with the com- 
position of the residue produced by the explosion 
of potassium picrate under varying pressures, 
have been determined by Sarrau and Vieille 
(Compt. rend. 93, 61). 

Mixtures of picric and various oxidising 
agents have been proposed as explosives. Thus 
a solution of 58-3 parts of picric acid and 41-7 
parts of nitric acid (sp.gr. T6) explodes with 
great violence and without smoke when tired 
with a detonator (Sprengel, Chem. Soo. Trans. 
1873, 800), and mixtures of analogous composi- 
tion stiffened with asbestos have been patented 
by Punshon (Eng. Pat. 2242 of 1880, 11432 of 
1885) whilst Tschirner ha ‘ .i > i' s 

consisting of 1 part pier; ; ■ ■ ! ■ ■ 

and 6 parts potassium ■ ■■ ■ . 

permanganate in about the same proportion), 
which is fired by percussion caps (D. R. P. 15508 
of Eeb. 6, 1880). These mixtures with oxidising 
agents have the double effect of decreasing the 
force of the explosion, and at the same "time 
increasing the sensitiveness of picric acid to 
detonation. Mdlinitc, one of the most powerful 
explosives invented, is said to consist solely of 
compressed picric acid. According to Turpin 
(Eng. Pat. 15089 of 1885; E. R. P. 38734 
of Jan. 12, 1886; Zeitsch. Chem. Ind. 1, 193), 
picric acid, when obtained in ma.sses (1) by com- 
pression, (2) by admixture with gum arabic 
solution or with a suitable fat or oil, or (3) by 
admixture with 3-5 p.c. of collodion, can be 
exploded in closed vessels by 1-3 grams of 

silver fulmmate. The ' 

insensitiveness are a i-y 

acid, since a mass of fused picric acid cannot be 
exploded in the open air by detonation with 
3 grams of silver fulminate introduced into the 
interior, although shells, torpedoes, &c., fdled 
with liquid picric acid (fused at 130“-146°), and 
cooled slowly, can be exploded by a charge of 
quick-burning gunpowder or a priming of picric 
acid powder detonated by 1-6 grams of fulminate, 
the explosion being one of the mo.st destructive 
known. 

An account of the most important metallic 
salts with their characteristic properties is given 
below. Their chief interest lies in the explosive 
nature of these derivatives of picric acid {v. 
Explosives). 

Salts op Pickic Acid. 

The metallic salts may be prepared by bring- 
ing together picric acid and the carbonate or 

oxide of the metal, and -v T; <1 solution 

until crystals appear on . ' - , ■ sferencea 

to the literature on thi . i . subject 


are too numerous to be given, and, moreover, 
the results published by different workcr.s are 
not always concordant. An excellent resuwit 
and bibliography is given in a paper by Sil- 
berrad and Phillips (Chem. Soc. Trans. 1908, 
93, 474), who rcinvestigate^d scweral of the 
metallic salts. 

Aluminium salt [C6H2(NO2);tO]3Al,10H„O. 
Pale yellow needles. Changes to tetrahydrate at 
80°, which is a pale yellow powder decomposing 
without explosion on heating. 

Ammonium salt exists as a yellow and red 
variety, both anhydrous. They volatilise with- 
out detonation on heating. Soluble in water, 
sparingly so in alcohol. 

Barium salt [CoH2(N02)30]2Ba,5H20. Beep 
yellow prisms, sparingly soluble in cold water. 
It becomes anhydrous on heating at 80°, giving 
a yellow powder which explodes with violence 
at 333° 

Cadmium salt [C8ir2(N02)30]2Cd,7H20. 
Yellow hexagonal plates; yields the anhydrous 
salt at 80°, which is yellow and explodes 
violently at 336°. A pentahydrate also exists. 

Calcium salt [GBH2(NO2)36]aCa,10H2O. Yel- 
low plates; yields salt at 80°,'"which is 
a yellow powder exploding with violence at 323°. 
A pentahydrate is knovm. 

Chromium salt is ba.sic and of complex oon- 
stittition. Green crystals. 

Cobaltsalt[C8H2(N02)30]2Co,9p-l20. Brown 
needles. The hexahydrate is better knowir and 
exists as brown laminae. Both these give the 
dihydrate at 80°, and the anhydrous salt at 1 50°, 
the flatter being a brown powder exiffoding at 

Copper salt [CaH2(N02)30]2Cu,llll20. Green 
prisms, which yield the anhydrous salt at 80°. 
This latter is a ■ powder, ex- 

ploding violently 

Ferric salt [CeH2(N02)30]3Ee,llH20. Red- 
dish-yellow crystals. 

_ Ferrous salt [0BH2(N02)30]2Fe,8H20. Ob- 
tained from barium salt and ferrous sulphate. 
Yellow hexagonal prisms. Become.s anhydrous 
in vacuum over sulphuric acid, yielding k dark 
green powder, which explodes feebly at 315°. 

Lithium salt n PT 'Pin ^ nip^pi n. Yellow 
prismatic needle . ■ ■ ■ . . ' into the 

dark orange-yell( , , ■ ' becomes 

anhydrous nA> IK '- . ■ ■ , ■ ■ _ powder, 
which explodes at 318°. 

Lead salt [CoH2(N02)30]Pb,4H20. Silky 
yellow needles, yielding monohydrate at 80°, 
and the anhydrous salt at 150° ; the last of these 
is a yellow powder, which explodes violently at 
270° and differs from all the other salts in being 
extremely sensitive to shock or friction. 

Magnesium salt [Cali2(N02)30]Mg,9H20. 
Silky, yellow neodle.s. Forms also a hexahydrate 
and dihydrate, all of which become anhydrous 
at 150°. Explodes feebly at 367°. 

Manganese salt [C8H2(]S102)30]Mn,8H20. 
Yellow prisms. At 80° forms trihydrate, ami at 
150° becomes anhydrous ; this last is yellow, and 
■ ' ' ■■ 1 ■ ’ ■ ' ’ ■ alence at 325°. 

■■I-.:',!: ■■ s.ii;_38H2(N02)30]2l-Ig,4H20. Eiffi- 
cult to prepare, as it tends to pass into the 
basic hexahydrate, the anhydrous salt of which 
volatilises ' . 

Nickel 'i.d' ‘ ■ ■' Green 

needles. ■ ■ . ■ , ■ ■ ^ ■ laminm 
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Both yield the diliydrate at 80°. and the anhy- 
drous ^alt at 150°, the latter being a green 
l^owder, which explodes at 336°. 

Potassium salt C«H2(N02)30K, is anhydrou.s. 
It crystallises from aqueous solutions in yellow 
iridescent prismatic needles, and explodc.s at 
311°. Sparingly soluble in cold water. 

Silver salt CfiH2{N0.2)30Ag. Yellow an- 
hydrous salt, exploding feebly at 336°. 

Sodium salt C w n-Me .F n. Minute, 

yellow needles, i ■ . t at 160°, 

which is a pale yellow powder, exploding feebly 
at 310°. 

Strontium salt [C8H2{]Sf02)30]2Sr,6H20, yel- 
low needles, yields mono'kydraie at 80°, and 
Cinhydrous salt at 200°. Explodes violently at 
340°. 

Zinc salt [C8H2(N02);,01aZn, 91-1., 0. Yellow 
prismatic needles ; yields dihydrate at 80°, and 
anhydrous salt at 150°, which is a bromiish- 
yellow powder, exploding violently at 360°. 
tThe hexahydrate has been prepared and also an 
octohydraie, 

Cf. paper by Kast (Ohem. Soc. Abstr. 
1911,100,852; Zeitsch. gea. Schiesa-aprengstoll- 
wesen, 1911, 0, 7). 

A sodium peroxide derivative of picric acid 
tJ(jHo(N03)|,0 — ONa has been patented as a 
very powerful explosive (If, B. P. 96865 ; Prdl. 
1897-1900, 47). It is prepared by heating 6 
grams of sodium peroxide in 200 c.c. of water 
containing 15-9 grama of x)icryl chloride for 2-3 
horirs. The solution becomes deep Imown, and 
dei)osits red-browi prisms on cooling, which aro 
(Sparingly soluble. 

A picra-])orato explosive, described by Billet 
(J. Soc. Chem. Ind. 1900, 1144), is obtained by 
heating aqueous solutions of sodium borate and 
picric acid. 

Girard (J. Soc. Cherii. Ind. 1900, 1144) gives 
a newmethodof preparing T.irratr-frr ■'7;plr- di. (■> ; 
a mixture of 30 Idlos, easier (-il mu'. Io <!i' 
powdered picric acid is incorporated with the 
theoretical quantity of the base in the state of 
carbonate or oxide ; the soluble alkalis are used 
in solutiouK of 45°E6. The oil should be present 
in not less amount than 5 parts to 10 parts of 
acid. Metallic oxides may bo replaced by 
olotates, stearates, palmitato.s, &c., the fatty acids 
dissolving in the castor oil after reaction. The 
salts are dissolved out with volatile solvents to 
avoid the inconvenience attending their recovery 
from aqueous soluiion. 

Etiieks op Picaio Acid. 

. Methyl picrate C 8 M 2 (N 02 ) 300 il 3 [trinilro- 
tinisole). Yellow monoclinic tables, rn.p. G4° 
(Post and Mehrtens, Ber. S, 1562 ; Prdl. 1879, 
614). Obtained by nitrating anisole. Decom- 
posed by strong potassium hydroxide giving 
picric acid, and with ammonia giving tri- 
nitranilino (Salkowski, Annalcn, 1874, 174, 
269). 

Ethyl picrateCoI-L(N02),,OC2H, . " 
colourless needles, m.p. 78'6° i'* ■ ■ : , . 

Miillert, Annalen, 1867, 141, 80; Willgerodt, Ber. 
1879, 12, 1277). Obtained from methyl other on 
t'cerystallising from ethyl alcohol (Boos, Amor, j 
Uhein. J. 20, 449). 

Phenyl picrate CflH2(N02)300J-If;. Needles, 
hi.p. 153°. Prepared from picryi chloride and I 
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potassium phenate. in aqueous alcoholic solution 
(Willgerodt, Ber. 1879, 12, 1278). 

Aeetyl picrate CaH2(N02)30-0C-Cll3. Deep 
yellow crystals, m.p. 76”. h. r,-’- r-- --. giving 
acetic acid, at 1 20°. O ■ : ■■'■■■ j ric acid 
and acetic anhydride (Tommasi and David, 
Annalen, 169, 167: Heinke, Ber. 1898, 31, 
1400; V. Pechmann, Ber. 1900. 33, 629). Very 
soluble in warm alcohol or ether. 

Otiieb Debivatives. 

Picyrl chloride C(iH2(N02);,Cl. Crystallises 
from other in amber-yellow tables ; from alcohol 
in almost C-’ i-i- ■ b ■ . .83°. Obtained 
by the ac: ! ■ ' p ^ i ^ cntachloridc on 

liicric acid. Like picric acid itself, it combines 
with aromatic hydrocarbons, forming additive 
products (Pisani, Annalen, 1864, 92, 326 ; 

Liehermann and Palm, Ber. 1876, 8, 378). 

Pieryl bromide OaH.jlNO.^iaBr. Elongated, 
pale- yellow plates, m.p. 122°-] 23° (Jackson and 
Earle, Amer. Chem. J. 1903, 29. 212). Oliiained 
by nitrating bromobeir/.cne. 

Picramide C8H2(N02)3NH2 (trinitraniline). 
Prepared by action of uinmonia on picryi 
chloride or on ethyl picrate. Dark yellow, 
monoclinic tables, m.p. 188° (Bepp, Annalen, 
1882, 216, 360 ; Salkowsky, Anmihni, 1873, 
165, 187). 

Pieramic acid C6H2(N02)2(NH.2)OH. Ob- 
tained by reduction of picric acid with ammonium 
sulphide or other mild reagents. Red crysi.als, 
m.p. 169° (Girard, Annalen, 1863. 88, 281 ; 
Pugh, ihid. 1865, 96, 83; Stuckenberg and 
Rudolf, J. pr. Chem. [ii.] 48, 426). Used formerly 
as a brown dye. 

IsoPlirpurie acid (yucrocyaminie acid, or 
grenat brown) v. fso-PtiKPumc acid. 

PICRIN V. Digitalis. 

PICROGLYCION v. Dulcamaba. 

PICROPODOPHYLLIC ACID anil PICRO- 
PODOPHYLLIN v. Podophyllum resin, art. 
Resins. 

PICROTIN, PICROTOXIDE v. Picbotoxin. 

PIOROTOXIN. A poi.sonons crysLallino com- 
pound, .somewhat allied in its yjhy.siologieal 
action to .strychnine, which oceurs in ‘ Cocculu.s 
Indicus,’ the small, berry-liko fruit of Anamirla 
paniculalu (Colchrooke) (BentJ. a. Trim. 14), a 
climbing shrub of Eastern India and the Malayan 
islands. The drug does not find much favour in 
Western medicine, hut is employed in India. 
Here it is better known for its power of stupe- 
fying fish and causing them to rise to thi; surface 
of the water in a state of intoxication, and a.s a 
reputed adulterant of malt liquors. On aceonnt 
,of its poisonous properties, it sometime.s bimonies 
necessary to search for it in beer. 

The small, black, ovoid fruit consists of a 
rough, ta.stcleBs pericarp, enclosing a reniform 
seed, which has an oily and hitter taste. Hie 
I pericarp does not contain picrotoxin, but Pidle- 
tier and Couerbe isolated from it tvv^o ciystalline 
compounds ; menisperrnine, a base, which melbs 
at 120° and forms a cry.stalliue sulphate, and 
paramenispermine, a neutral conslilncnt whicli 
melts at 260°, together with a brown niatis, 
hypopieroiaxic acid, wbicli softens at 100° 
(Ajin. Chim. Phys. [ii.] 64, 196). Half the weight 
of the seed is stearin. The vicrofaxin r-xi-b, 
to the extent of 0'4 to hO p.c. I ■.ra" 1 .'.■m-o vered 
in 1812 by Boullay (J. Pharm. Chim. [i.] 4, 6). 
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To prepare picrotoxin, the method of Barth 
( J. pr. (Jhem. [i.] 91, 155 ; J. 1863, 586) and Barth 
and liretschy (Monatsh. 1, 98) is usually followed. 
The seed is exhausted with boiling alcohol, the 
solution evaporated, and the fatty residue ex- 
tracted with water. then 

treated with lead ac . ■ , ■ the 

filtrate, after removal of excess of lead by means 
of sulphuretted hydrogen, is concentrated, when 
crystals of impure picrotoxin separate. These 
are purified by successive crystallisations from 
benzene and from water. Sometimes the seed 
is extracted with light petroleum in the place of 
alcohol (March, Arch. Pharm. [iii.] 26, 269). 

According to Barth and Eh'etschy (Sitz. Ber. 
81, 7 ; Ber. 13, 1243), crude picrotoxin is a 
mixture of three compounds — ^picrotoxin, picro- 
tin, and anamirtin — which are separated by 
fractional crystallisation from water and from 
benzene. This is, however, disputed by Paterno 
and Oglialoro-Todaro (Gazz. chim. ital. 10, 36 ; 
11, 49 ; Ber. 14, 539), who regard the compounds 
named as decomposition products of a perfectly 
definite picrotoxin. Retaining the term picrotoxii? 
for the original substance, these chemists pro- 
pose picrotoxinin as a name for r ■n‘?r''"')xir. 
of Barth and Kretschy. The c-'c.p:,.: 
picrotoxin is thus explained : CanHa/Oja (pioro- 
toxin)=Oi5HjaO- (picrotin of B. and K., pre- 
viously called hydrate of picrotoxide by P. and 0. ) 

. - -rnr and 0., picrotoxin 

ms of Patemd) and 
Oglialoro-Todaro are supported by the investiga- 
tions of Schmidt and Lowenhardt (Ber. 14, 8l7) 
and Schmidt ( Annalen, 222, 313), whilst Barth and 
ICretschy have replied maintaining their original 
view (Monatsh. 6, 65). Meyer and Bruger (Ber. 
31, 2958) also have come to the conclusion that the 
picrotoxin of Paterno and ,■ ’ 

of Schmidt is not a definit 
investigators find that the recrystallised commer- 
cial compound is merely a mixture of picrotox- 
inin and picrotin in definite, but not molecular 
proportions, namely 54-55 p.c. of picrotoxinin 
and 45-46 of picrotin. Tt may be partially 
separated into the two constituents by boiling 
with benzene or chloroform or by treatment i 
with 1 ;; v. -n I;" h-' v'd.,- (c/. Angelico, Gazz. chim. 
ital. 3 i. i^ v.-;: h bromine water. 

Recrystailised commercial picrotoxin, the ’ 
•picrotoxin of Paterno and Oglialoro-Todaro and ; 
of Schmidt, consists of brilliant rhombic prisms 
which melt at 199°-200° (Sch.). It is intensely i 
bitter and poisonous. It is very soluble in 1 
hot water, alcohol, or benzene, and sparingly i 
so in ether or chloroform. " ] 

By the addition of bromine water to a hot ( 
aqueous solution of picrotoxin, monobromo- 1 
picrotoxinin separates, and on evaporating the ( 
filtrate, picrotin is obtained, and can be puri- i 
tied by repeated extraction with small quan- 
tities of hot chloroform and recrystallisation c 
from water (M. and B.). Picrotin O15H, 0 t 
forms small felted needles or thick rhombic 1 
prisms, m.p. 248°-250°, which are readily soluble S 
m absolute alcohol or acetic acid, but only spar- 8 

ingly in ether, chh)roforra or benzene. It reduces I 
Pchling s solution and ammonio-mtrate of silver 
It possesses a bitter taste, but is not poisonous’ 
Ben^^ylpicrotm forms colourless ii 
•’ derivative, m.p. b 

-i4 / -248 , IS obtained by the action of benzoyl 1 


. chloride at 190°. Acetijlpicrotin Cj^HijOjAc, 
m.p. 244°-2 ’ ''’ -'Titical with the 
compound ■ ■ and Oglialuro- 

i Todaro as diacetylpicrotoxinin. When warmed 
with fuming nitric acid, picrotin yields a nitro 
. derivative anhydronitropicrotin Cinlij 
m.p. 260° (M. and B.). On oxidation, two 
isomeric acids GijHirOs, are obtained a-picrotmic 
acid, m.p. 245°, and 13-picrotinic acid, m.p. 254° 
(Angelico, Gazz. chim. ital. 39, i. 296 ; 40, i. 391 ; 
41, ii. 337 ; Atti, R. Accad. Lincei, [v.J 1 9, 1. 473). 
Phosphorus pentachlorido acts as a dcdiydrating 
agent on picrotin converting it into anliyd.ro- 
picrotin CijHirOo, m.p. 317° (decomp.), which 
differs from picrotin by not reducing Fehling’s 
solution (Horrmann, Her. 43, 1903). Picro- 
toxinin CibH,bOb,H20, the ‘picrotoxin’ of 
Barth and ICretschy, is be.yt obtained by the 
reduction of bromopicrotoxinin with zinc and 
acetic acid. Picrotoxinin cry8tallise.s in rhombic 
table.s, which become anhydrous at 100° and 
melt at 200°-201°. It is bitter ancl exceedingly 
poisonous. It dissolves readily in hot water, 
benzene, alcohol, other, or chloroform ; it i.s 

also soluble in alkalis, but i.s no-'- 

on the addition of acids. '>■ ' 

I develops an intense orange-red colouration, and 
when hydrogen chloride is led into an ethereal 
solution of the compound polymerisation oocuns 
and picrotoxide, m.p. 308°-310°, is formed, 
Bromopicrotoxin Ci5l4,„BrOfl is mo.st readily 
obtained by adding bromine water to a Jm't 
nearly saturated aqueous suhd;ion of pnu'o- 

toxinin until the solution re ■ 

yellow. It separates from ' , ' ' 

” ■■ ■ .‘r't°-260°. With benzoyl 
„ allino benzoyl derivii- 

tiye, winch melts at 237°-23H° (Stdn), On reduc 
tion by hydriodie acid aiid phosphorus Ijotli 
picrotin and picrotoxinin yield picroloxie nr.kl 
OisHiaOi.m.p. 134°, and also a toone O.JIiA)., 

■ ’ -O-Todain and Wwlo ril.. 


: ■ a-Todnro and Forte, Gazz'. 

. ■■ •■'. ■^'^ti'rmrtmCiJio^OtnOo.oxirH 

■ ■' ■ in the seed, and eolleets in 

■ ■ ■■ ■ liquors in the iiroparation 

01 ■ ■ ■ di8tinguish<«l by its sparing 

solubility m chloroform and hmizene. It i.s not 

fwid floes not nsluce 
l^ehling’s solution or ammonio-nitralc of silver. 

without melting at 
280° (Barth and Kretschy). 

OoceuUn CijHjrOio is another fsmstituent of 

000 by Lowenliardt (Annalen, 

zz/, ,J03), and occurs only in small propor- 
tions. It is found, in the alcoholic mother 
liquors in the prep-r.-du a r f rii.'rfitoxin. It 
crystallises m ; j.., Holuhle in 

Hot, and insoluble in ciold, water, alcohol, or 
ether, and does not give the colour reactifins of 
picrotoxin. 

For the doteetion of picrotoxin in beer tin! 
chemical reactions are not of much usf*. Kx- 
tracts are prepared which are tf^Htcrl phy.si’o- 
l^caUy (c/. Langley Amer. J. Hci. [ii.] 34, '109; 
Schmidt, J. 1862. 629; Kohler. J 1868 7<!6 
89p ]fl„,J.1872,!l36’; ,i. Is?! M,i': 

1 aim, Zeitsch. anal. Chem. 24. 5561 A H ’ 

PICROTOXININ V. PxoROToxix. 

• BROWN. A colouring matter belong- 

ing to the class of yellow, oruiige-yellnw, and 
brown dyes introduced by Ndlting ami v. Salts- 
Mayenfeld, and obtained either by sulphnnnting 
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nifcro , derivatives of secondary and tertiary 
aromatic amines, or by the action of such 
compouTids as dinitrocliloro benzene, triiiitro- 
chlf)robenzone (picryl chloride), chlorotetrani- 
tronai^hthaleno, &c., on the sulphonio acids of 
aromatic amines (D. R. P. 222C8 of Aug. 31, 
1882, expired Jan. 1887; W. J. 1883, 545). 
It is prepared (1) ’ly s'dpho"-:t‘nr; trinitrodi- 
phenylamine (c/. ’i o.i liv-r. 7, 1249) 

with 2^- times its weight of 40 p.c. anhydro- 
sulphuric acid, or Avith 5 time.s its weight of 
sulphuric acid of 66°J34., or (2) by boiling a 
concentrated aqueous solution of 3 parts sul- 
j)hanilic acid, 3 parts picryl cldoride, and 2.J- 
parts of sodium acetate. Picryl brown is soluble 
in water, and in an acid bath dyes silk and wool 
yelloAV. 

PIGMENTS (A. pigmPMtum, from jiingera). 

Definition. Insoluble coloured jmwders, 
yielding paints udien admixed Avith suitable 
media. This definition excludes dyes or stains, 
Avhich are soluble in the vehicles used. 

History. The use of pigments can be traced 
back to ■ ' " " . even to palffiolithio 

times. . . . : . before the Cliristiair 

era, the ' ■ excelled in pictorial 

art. In Assyria, m Lydia, from the eighth 
century B.o., and by the Jonians and Phocmans, 
from about the sixth century B.O., painting Avas 
skilfully practised and held in high esteem. 
Cimou of Oleonac, his successors Polygnotus 
of Thasos (40)3 b.g.), Apelles of Colophon, and 
Zeuxis of Horaolea, and other early iminters 
worked chiefly in fresco and tempera, AA'ith a 
limited range of pigments, nearly all mineral. 
Encaustic Avas not" commonly practised until 
after the time of Alexander the Great. The 
pigments Avere mostly the ochres, rod lead, cin- 
nabar, orpiment, chalk, gypsum, lapis lazuli (?), 
indigo, carbon, and certain special colouns, such 
as ‘ Egyptian blue ’ (a copper fritt or glass) 
and ‘ Tyrian purple. ’ From the accounts given 
by Pliny the Elder and Theophrastus, it Avould 
appear that a blue prepared from lapis lazuli 
AA'as not knoAvn in classical tinif's. Reel lead, or 
minium, Avas used for the coloured statue of 
Jupiter, set up by King Tarquinius Priscus in the 
Pujman Capitol. The vegetable colours anciently 
used have probably for the most ]mrt decayetl, 
leaving lu) traces ; but a jjink madder lake and 
a yelloAV lake have been discovered among the 
pigments of the ancient Egyptians. Until quite 
recent times, artists ])repared and ground 
their oavu pigments ; this Avork is uoav almo.st 
invarialJy done by the colour manufacturer. 

Properties. Pigments must be durable ; 
insoluble ; inert, i.e. unaffected by one another; 
in general indifferent to the media; of good 
l)ody and covering povA''er; easy to manipulat<‘ 
Avith vehicles on tlie palette, and of a fine shade 
of colour. (Jertain ])igniont.s, when userl in oil 
paints, possess the additional property of 
faeilitfdirig the drying of the oil AAdth aaLIcIi 
they an" mixed : white lead is a cf)nK])icunus 
example. The characteristics hero laid down are 
those usually desired : but there are exceptions 
in the ciise of pigments Ajsed in art. Tims some 
of the colours most valued by artists j)OHsess 
considerable transparency; in Avater-colou r Avork 
the conditions of drying are altogether different 
from those in oil-painting. 

In regard to dui-ability or permanence, an 


ideal pigment should be fast to light, unchanged 
by ex^Aosure to the atmosphere and moisture, 
l)roof against the action of acids or alkalis, and 
unaffected by sulphur compounds, such as sul- 
phuretted hydrogen or carbon disulphide. Of 
the largo number of pigments ImoAvn, com- 
]jara(,ively fcAv fulfil all these requirements. 
In jiarticular circumstances, especial qualities 
become necessary : thus, for decorative and 
fresco AAmrk, lAigmonts must bo fast to lime, for 
ceramic use they must be proof against fire, and 
if the paintings have to bo lacquered, they 
must be fast to varnish. 

By some authorities, the term ‘ xAermanence ’ 
is restricted to unalterability of hue, and 
‘durability’ to the conservative effect of a 
Xugment upon the surface which it covers. 
Pigments unchanged by admixture with other 
colours are said to possess inertia. Covering 
poAver and body are not convertible terms. 
Spreading or covering poAVer applies to the 
capability of being extended or spread over a 
largo surface. Body refers to opacity. 

After an account has been given of the 
origin, composition, and salient characteristics 
of the pign pui- hi use, the subject of 

stability or ;■< .■■■ •.,1.' be dealt AAUth more 

fully, and the colours Aviil i)c divided into groujis, 
accori ling to the degrees of ■ ' ' ’ / ' ' ' .I'M', ' . 

Origin, olassifwation, < <' ’ • ' ", 

The majority of pigments, Avhother artificially 
prepar'd, or oljtaincd almost directly from 
natural sources, such as the ochres and other 
coloured earths, are oJ’ mineral • or vegetable 
origin. A foAV, such as sejiia, purree, mummy 
{sometimes), and the preparations derived from 
the several species of Coccus, are animal 
jiroducts. 

The native earths are levigated, dried, sifted, 
graded, ground and, in certain cases, calcined. 
Most artificially prepared pigments are manxi- 
factured iiy Avet pr 'f q ;bAUr-i. ee-lhods : in- 
sbancos are chroim i ■ ■, I*''!.-; blue, and 
antimony A'crmilion. In a large number of 
eases, liOAV'cver, dry xiroeesses and various 
temperatures are required ; e.g. artificial ultra- 
nawiue, vermilion, and ivory black. Lakes arc 
made by precipitating organic colouring matters, 
which may he of vegetable or animal origin, and 
at the present time are frequeni.ly so-called coal- 
tar colours, in conjunction Avith alumina, lime, 
and the like. Special mcthofls are enijiloyed in 
the manufacture of certain pigments, such as 
AA'hite lead. 

The classification of tlio mineral pigments, 
adofited in tin’s article, striotly folloAvs the 
ordinary grouping of the metals pi’csont, as 
they are separated in analysis. Silicious and 
carlionaeeous pigments folloAV, and organic 
colouring matters are deserihed last. When 
possible the colours follow in the order : white, 
yellow, red, green, blue, broAvn, and blaek. 

Pigments containing mercury. Three mer- 
cury pigments only Avill bo included in the 
folloAA'ing sximmary. 

Yennilion, cinnaljar, zinnoher, mercuric sul- 
])hifl(‘, UgiS : a Ijrilliant colour, usually prejAarod 
from its eleimsits, Avhich are at first caused by 
simxile attrition or oilier meaiAs, to combine into 
a black mass, called ‘ ethiojAs,’ chiefly amorphous 
mercury sulphide, together with free suliiliur. 
The molecular ohaiAge into the scarlet sulxihido 
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is effected by sublimation, treatment witli 
alkalis, alkaline polysulphides, or tiie like. 

Numerous other methods of manufacture 
have been suggested and practised. Vermilion 
possesses great opacity, but dries imperfectly 
in oil and is liable to separate from the 
vehicle used. It is permanent in oil, durable 
in tempera and fresco, but changeable in water 
colour by the influence of the solar raj^s. Sul- 
phuretted hydrogen does not affect it, and in 
oil it can be mixed with all except certain copper 
pigments. As it is a volatile compound, it is 
ineligible for enameLs and ceramic ware. 

Brilliant scarlet. Royal scarlet. Pure scarlet, 
mercuric iodide, Hgl 2 : extremely brilliant as a 
pigment and of good body, but fugitive in oil, 
useless in water colour, immiscible with many 
other pigments, and too costly for practical 
purpo.ses. 

Mercurous chromate HgaCrO^, and mercuric 
chromate llgCiO i, rod, highly alterable products, 
obtained in the wet way by double decomposi- 
tion. Nearly valuoh'ss as pigments, although fine 
and attractive colours. 

Pigments containing lead. Of high import- 
ance among the load pigments and, indeed, 
among commercial pigments generally, is white 
lead, called also Krems or Kremmitz white, Berlin 
white, Silver white, Cerussa alba, C€ruse, Blei- 
weiss, Blanc de Plomb, Blanc iVargent, and Plaice 
white, 2 PbC 03 .Pb( 0 PI) 2 . This ba.sic carbonate 
of lead is one of the most rapidly drying pig- 
ments commonly used in oil ; it possesses great 
opacity and covering power, and is facile in 
working. Miscible with most durable colours, 
it promotes the drying of many which have 
slight siccative qualitic.s of their own. Un- 
fortunately, white Ic'ad is highly poisonous, its 
manufacture is attended mth risk to the 
operatives, it is readily discoloured by sul- 
plniretted hydrogen, and used Avith oil it emits 
a nauseous odour. Numhoiiess substitutes have 
been proposed, of which perhaps lithoponc, zinc 
oxide, and ‘ non-poisonous Avhito load,’ are the 
best IcnoAvn. The supersession of lead products 
by zinc whites is undoubtedly extending apace. 

‘ Non-poisonous white lead,’ or patent white 
lead, and ‘ sublimed white lead ’ are composed 
chiefly of Iciad sulphate, Avith. small proportions 
of lead and zinc oxides. The last-named is a 
ba.sic sulphate AA'il.h some zinc oxide. These 
products arc little affected by sulphuretted 
hydrogen, and arc virtually non-poisonous : 
but the covering poAA'cr of a lead sulphate pig- 
ment is less than that of Avliite lead, and the 
drying quality is inferior. 

Lead oxychloride Pbdii.PbHaO^, sometimes 
called Pattinson’s white lead, is 
as a Avhite pigment, a.s also lmv( 
carbonate, sulphite, hydroxide, and other salt.s 
of lead. All arc less satisfactory than the basic 
carl)onate. 

Turner’s yellow, Gomel yellow, Montpellier 
yellow, or Verona yellow, PbCi2,7PbO, is another 
basic lead chloride, now superseded hy chrome 
yelloAAAs. 

. ■■ . respectively, yellow 
and ■ ! ■ ■ ' -xd monoxide, Pl)0. 

The monoxide i.s now scarcely u.sed a.s a 
pigment, but as a drier is of considerable 
importance. Largo quantitie.s arc xised by 
potters, glassmakers, and rubber manufacturers. 


Red lead. Orange lead, mmium, mennige, 
Paris red, Pb 304 , sometimes Pb^Og, a flue 
orange-reel pigment, Avbich very quiclfly dries 
in oil bub is discoloured by sulphuretted 
hydrogen, and is incompatible in admixture 
Avitli certain sulphur-containing pigments, such 
as lithoponc and cadmium yelloAV. As a 
priming coat, in conjunction A\dth Avhite hsad 
for ordinary Avork, it is extremely u.soful. 
Ora7ige mineral is a less dense form of red lead, 

Suhli'tHed blue lead i.s a mixture of basic sul- 
phate, 2PbSOyPbO, •.•-iil-, 1.-. 
oxide, and carbon. 1: lo .i , i-.i 'c 

extent as a protective pigment. 

Pigments containing silver. The metal in a 
finely divided .state ha.s occasionally found em- 
ployment as a pigment, and the use of the 
chromate, AgnCrO^, has been proposcfl. Co.stli- 
ness and extreme sensitiveness to sulphurettcid 
hydrogcix, are sufficient deterrents to a common 
application of silver pigments. 

Pigments containing copper. Vundyhe red, 
copper (n Ivl.'ya, is a broAvnish- 

red pigmenr., occasionaiiy used in artistic paint- 
ing, but it is untrustAvorthy and lialile to darken. 

Vert de Gris, Verdigris, Vert de Mont- 
pellier, Qrilyispan, basic copper acetaic, A"ario.s 
in hue according to tho ba.sieit.y of the 
compound. Green A'crdigris, of tho hrighicHt 
tint, Ls 20u(02H30.,)n-CuO,GI-J20 ; blue verdigris 
is 0u(CaH3O„)2-0uO,GH2O : but other basio 
acetates are known and the commercial pignuiiit 
is a variable mixture of several of these sails. 
It is made by the action of acetic acid upon 
copper in tho pre.sonco of air and moisture. 
This pigment is usele.ss in Avater-colour jininiing, 
injured by aulphurottod hydrogen, eurbou di- 
oxide, and moisture, iinmisoibh! Aviih .sulphide 
and some other pigments, and is a powerful 
poison. In oil it drie.s W(dl, but is only ])(t- 
manent if ‘ locked u]) ’ by th<! ixresence of a 
large quantity of a resinous vnrni.sh. 

Mowitain green. Green verdilcr, Plalachik, 
Mineral green, or Brrggriln, tlui natural green 
hydroxycarbonates of cojqier, (JuCOs'CujOHa). 
This is the mineral malachite, finely ground, aiel 
i.s knoAvn to have been u.sed by the Gimeo- 
Roman artists. Ah an oil-paint it is moderately 
durable, but it is liabh^ to darken and assume a 
broAvnish or oliv(! tini-, and for Avater-eolcmr it 
is xmsuitable. It Avill blacken if mixed Arith 
cadmium yelloAV, ultramarine, &c,, and is 
highly sensitive to sxdphuretted hydrogen. 

Schweinjurt green, Mitis green, Vert Paul 
Viron&se, Vert de Paris, Emerald green, cupric 
aceto-arsenito, (ju(C2ll302)2B((!uAH.,()4), is an 
exceedingly fine but Awy ixoisorious c(dour, jms- 
pared by heating togethcir vei'digris, AA'attc, anrl 
ansenious oxide, tho precipitate formed being 
Avashed and dried. Iriadvi.sable for u.se as a 
Avatcr-colour, it is durable in oils, but must not 
be mixed Avitli sxxlphide pigment, s, snch as 
cadmium yelloAV and ultramarine, nor exposed 
to sulphuretted hydrogen, Avhieh quickly 
darkens it. Itlmerald green is .somcAA’liat de- 
ficient in body and drhxs .slowly. It is imt 
tnustAvorthy for tempera oi; fresco Avork*. 

Schcele’s green, a basic eoppftr arseaite, 
varying somewhat in compo.Hition, in a pide 
green pigment of an extremely poisonous 
character, and is now .seldom u.sed. iSul- 
phuretted hydiTigtm and sulphide pigmeiitti arc 


PIGMENTS. 


273 


oven more injurious to it than to Schweinfurt 
green. , 

IJruhsvnck ijrecn was i'ortnerly basic chloride 
of co])j)er, (Ju(jlo-.‘i( InGMIEG, now not used a.s a 
jMginent. 'I’hc name is now applied to a mixture 
of Prussian blue, chrome yellow and barytes. 

Mountain blue. Blue verditer, GJiessijlitc, 
Azurile, Blue aulies, or Bcrgblau, th(' natural blue 
hydroxycarbonate of cupper, 2 Gu(J 0 ;,-Cu{ 011 )a. 
Both this and the green ^ _ 

(above described) have been ■ ■ , . ■ . 

faotured, but not with conspicuous success. 
Blue verditer is not permaneiit, and is a pig- 
ment little used, artihcial ultramarine and cobalt 
having superseded it. 

Lime blue and Bremen blue are essentially 
copper hydroxide, Cu(0H)2, associated with 
calcium sulphate and copper carbonate re- 
.spectively : both were formerly much used in 
decorative work. Blue lakes from coal-tar 
dyes and artificial ultramarine have virtually 
driven these pigments off the market. 

Stannate, phosjihate, borate, silicate, and 
other salts of copper have been tried a.s pig- 
ments, but not very successfully. 

Pigments containing cadmium. Cadmium 
yellow, pale cadmium, orange cadmium. Orient 
yelloio, radiant yclloiv, aurora yellow, &c., are 
catlmium sulphide, (JdS. 'J’he cadmium pig- 
ment.s, if free from uncomhined sulphur, may 
safely be mixed with white lead in oil; and, being 
themselves unaffected by 
they hinder the darken ■ ^ ■ 
that gas. Light, air, and moisture have little 
effect upon tiie pure cadmium colours when 
used in uil-jiainting, hut the jialer shades are 
extremely fugitive in water-eolour, and the 
presence of free sulphur is very detrimental 
since it enhances the tendency to fade. 
Cadmium pigments are entirely incompatible 
with the copper greens and blues, and exert a 
darkeuiing action upon Naples yellow, chrome 
y(‘llow, Cassel or Turner’s yellow, and tlu) like. 

Neutral orange, Penlei/s neutral orange, is a 
mixture of cadmium .sulphide with Venetian 
red. 

Pigments containing bismuth. Pearl while, 
basic bismuth nitrate, Bi(0H)2N03, or 
[Bi(N 0 ;,) 3 ' 2 Bi( 0 H)j,], is of little value as a pig- 
ment, owing to its .snsceptihility to the action 
(jf sulphuretted liyrlrogen, which daricens it 
more rapidly than lend-cannimunds. Bismuth 
white was formerly used a.s a J’acc-ijowder with 
somewhat doulffful advantage. 

Another bismuth .salt, OBiO(Jl,Aq., or 
|2(BiG'l3dhj,0;!)Ho0], is called 'pearl white, a 
name which has also been applied t(j iudigo- 
tiiited Hake white. 

Pigments containing antimony. Antimony 
while, antinionious oxide, Sh.iOo, liiids employ- 
ment as a substitute for Hake white, particularly 
on the Continent. In oils, espeiually, tliis jHg- 
ment is durable and trustworthy. Anotlicr 
antimony white is powder of algarolh 
,SbiOe-2,Sha3. 

Antimony yellow, true Naples yedlow, Jaune 
d’ Anihtioine, Giallo di Napoli, is basic lead 
antimoniate, PljO.SbaOg, and is now usually 
[jrepared l)y hearing tcjgether potassium anti- 
monyl tartrate, lead nitrate and s(Kliura chloride. 
The ' jjroduct is cooled, wa.shed, and ground. 
Numerous other proees.ses have been used. 

VoL. IV.— 'P. 


Naples yellow ks fast to light, but is readily 
attacked by sulpliuretted hydrogen, even in 
oil-[)ainring ; is discoloured by contact with 
iron and is inadmis.sible in conjunction with 
indigo and various othor organic pigments, such 
as the yellow lakes and cochineal products. 
Naples yeUow, or an allied antimouial yeUow', 
has been used for many centuries in enamels and 
pottery ware. It is unsuitable for water-colour 
painting. Several imitation.s of this qjigment 
are, or have been, in the market : one is a mix- 
ture of cadmium yeUow with zinc white ; another 
wa.s a variety of yellow ochre (Church). 

Antimony vermilion, antimonzinnober, anti- 
monious .sulphide, Sb2S3, or oxysulpliide, 
2Sb3S;„bb.203, is a fine red pigment of satis- 
factory covering power, but limited application 
owing to its sensitiveness to dilute alkalis and 
acids. The methods of manufacture are based 
upon the intoraction of the alkaline or alkaline 
eartl y . and antimonious chloride. 

An ■■ ■ ■ ■ . variety of this pigment, 

antimony orange, is made by using sulphuretted 
hydrogen as the p)recipitant. 

Pigments containing arsenic. Those In 
which arsenic is associated with copper have 
already been considered. There remain the 
arsoiic sulphides : — 

King's yellow. Royal yellow, arsenic yellou', 
' . . rpiment, arsenic trisulpliide, 
' • ! but fugitive and extremely 

poisonous pigment, immiscible with lead, mer- 
cury, and copjjer compounds, and now almost 
'I" i;;.- r-i- !i H i. .■ I '■■■t TIi 

i- i i-n.. r by pM ii ■ i r ms 

Arsetiic red, arsenic orange, realgar, arsenic 
disulphide, AS3S3. This pigment, ju’cpared by 
a fusion and sublimation-method, is also highly 
poisonous and generally unsuita ble for arti.sts ’ use. 

Pigments containing tin. Tin white, stannic 
hydroxide or orthostanuio acid, Sn( 011)4, j.s 
used in enamel- and gla.ss -making, but scarcely 
at all for ordinary decorative or artistic work. 
U’o a very considerable exlcnt it has taken the 
jjlaco of bismuth subnitrate and oxycarbonato 
as a face-pigment. 

Mosaic gold, aurum inusivum or mosaicum, 

‘ Bronze poiuder,’’ .stannic sulphide, SnSj, a 
lustrous yellow scale-preparation, made by 
heating a mercury-tin amalgam together with 
sulphur and ammonium chloride ; or a mixture 
of tin monoBulphidc, SnH, with mercuric chloride 
is heated. Another ‘bronze’ is prepared by 
fusing together stannic oxide and sulphur. A 
fused mixture of tin and bismuth, to which 
mercury is added before the liquid has cooled, 
yields a .silver-tinted metallic pigment. 

Other compounds of tin, suoh as ‘ tin salt ’ 
(.stannous chloride, BnOla)? Htamiic chloride, 
iSnCl4, ‘ pink salt,’ iSnCl4‘2NH4(Jl, and sodium 
_v r- ■ . tpjgjuents, 

, -y,^ i ■ . : if the lake- 

colours. 

Pigments containing gold. The use of finely 
divided metallic gold, whether in the form of 
leaf, or otherwise, by mediaeval artists, monkish 
scribes, and others, in pictures and illuminated 
manusoripte, also in the colouring of crimson 
glass, is well known. 

Cassius' imrgde, gold stannate, 
AuaSnOavSniSnOsjdliaO or AuajHiSnO;., 
is used in glass-ware and ceramic art. 

T 
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Pigments containing aluminium. Tlio 

metal, iinely powdered, now receives a wide 
application as the pigmentary constituent of 
aluminium paint. 

Kaolin, China clay, hydrated alunnnium sili- 
cate, AlnOa'C''-''' .T”/' ' ’ .1 ... - 

unalterable ^ . , 

what deficient in covering power, but in water- 
colour and tempera painting it is a very service- 
able white pigment, and may fulfil the function 
of a ‘ filler.’ Thus, a ‘ Chinese white,’ for water- 
colour painting, may contain 3 parts of Icaolin to 
1 part of zinc oxide. The process of manufacture 
consists in levigating and drying the natural 
clay, the main impurities in which are flakes of 
undecomposed mica and crystals of quartz. 
Kaolin is much used in the manufacture of 
paper, and it is an inexpensive carrier for lake- 
pigments. 

Almnina Al203,3'Ho0, though not used as a 
pigment alone, is a component of many lakes, 
and occasionally forms part of various composite 
white pigments, such as satin white, hlaiic fixe, 
and the like. 

Ultramarine, Bleu d’Outremer, one of the 
most permanent, trustworthy, and beautiful 
of pigments, was formerly obtained exclusively 
from the rare and costly mineral lapis lazuli, a 
variety of haujme, by an elaborate and tedious 
elutriation method The chief constituents of 
ultramarine are alumina, soda, silica, and sul- 
phur. The formula is doubtful, but may be 
AT„ /ryTnQ AUAi /g;n \ (Brogger and Back- 
■ met succeeded in manu- 
facturing artificial ultramarme, a pigment little 
inferior to the natural product of the same 
composition, equally permanent both in oil 
and water-colour painting, and moderate in 
price. Several varieties of artificial ultra- 
marine are made : sulphate ultramarine, wliieh 
possesses a pale greenish- blue shade; soda 
ultramarine, poor in silica, the puritlish-blue 
product most in use ; and soda ultramarine, 
rich in silica, a pigment mostly used by paper- 
makers. Lime green or green ultramarine is the 
first stage in the manufacture, and is the colour- 
ing ingredient of green water-paints. By 
roasting Avith sulphur, green ultramarme is 
‘ coloured,’ i.e. it is caused to assume the azure 
tint. Other varieties of ultramarine than those 
mentioned are red, violet, and ” ‘ . 

The raw materials used in ■■ ■ ■ ' 

ultramarine are kaolin, silica, soda, carbon, 
sulphur, and sodium sulphate. Mineral grey 
and ultramarine ash are grey and bluish-grey 
residual products from the processes of treat- 
ment of the mineral lapis lazuli. 

Ultramarine violet is obtahied when the soda 
blue is heated with sal ammoniac for many 
hours at a temperature of about 150°. Eurther 
heating with steam and hydrochloric acid con- 
verts the violet pigment into ultramarine red. 

Pigments containing iron. Yellow ochre, 
mineral yellow, Boman ochre, Oxford ochre, stone 
yellow, brown ochre, golden ochre, Chinese yellcno, 
<sc., are silicious and argillaceous earths, often 
containing as impurities lime, barium, and 
other metallic salts, but all owing their yellow 
or broAvn colour to the presence of hydrated 
ferric oxide These colours, which are prepared 
for the market by careful sampling and elutria- 
tion, are mined in many parts of the world, arc 


oxccoduigly lasting, have no cliect upon other 
pigments, are not injured by light or bwimpure 
atmospheres, and they can be used with any 
mediuiu. Ochres vary in opacity, a.s they vary in 
composition : most of them i)0.s.se,ssfair coveriiig 
power. Pigniciits of this class Avere used liy the 
ancient Egyptians, AssjTians, Greeks, and 
RomanB. 

Raw Sienna, Terra di Siena, Italian earth, is 
a broAvner-tintod, manganiferous yclloAv ochre 
occurring in Tuscany, in the vicinity of Home’ 
Cyprus, and elscAvliore. Some American siennas 
arc of very servicoablo quality'. BaAV sionna ig 
fitted for oil, Avater-colour, tenqiera, and fresco- 
painting. 

Lurnt Sienna is a jiigment of an orange- 
bio'wn ■ ajul iSiiitablc fox* every 

sort of ■ It is made by cautiously 

calcining raAV .sienna. 

Red ochre, Scarlet ochre, lied chalk. Ruddle 
Bole, sinopis. Terra rosa, &e., are varieties of 
the native anhydrons ferric oxifh-, or red 
hsematite, Ec^Oa. All are durable pigments 
and good driers. 

Indian (or Rersian) red i.s, in strictuesH, a 
native product (also luBinatite), ut a somcAA'liat 
purplish shade, imported from the Jiast,. But 
some _so-eallcd Indian red i.s mamil'acUired by 
calcining ferrous sulphate (cojjpm'as, or green 
vitriol), EeS04,7Jii.0, or by roasting yellow 
ochre for about 12 hoiins. 

Light red, Burnt ochre, Bmn rouge', also, i.s 
calcined yellow ochre. The ijcriud ui heating is 
10 hours, a’his pigment is an opaqiu!, per- 
manent, and innocuous colour, of a scarlet tint 
tempereil by shades of brown and grey. ’ 

_ Venetiem red, Golcothar, Caput morluum 
yiinoli. Crocus, Rouge. 'J'ho natural pignumt 
loiown^ as yenetian red is a variety of red 
hsematite, of a purer red tlian either light red or 
Indian red, but the artificial products are 
obtained by calcining copperas, or tJie ochres, 
ill Idle CflHU (jf t/ilO Ocill’t'B, ftfjOtZti 8 llOUl’H • 

tciupcrixtui'c, low hojit, 11 jiiu'o, 
red is uuinjuriou.s to other pcnimmuit cidours, 
bub soluble salts, especially .sulphaleN and tracc.s 
of zickl, iiuint bo zilwoiii. Tjio iuHi,-juuuf;d cxoi'fc 
a detrimental action iipfui organic; jhg^neuts, 
such as indigo ; upon the vehieje; used * and 
also on the .surface coated, if this (;lmm;e’to bo 
of metal. 

_ Rrussiem brown, a rarely used pigment con- 
sisting of ierric oxide in admixture W’itli caifljcji 
and made by eareiully calcining PruKKiau blue. 

It IS permanent and a good drier. 

Mars yellow, Aleirs eireiugei, Meirs reel, Aleirs 
brown, and Mars violet. 'J.'he.so are artificial 
lereuginous jugmemts, jirejfai’cd by precipitating 
salts of iron, Avith or without the addition of 
alum, by milk of lime, or an alkaline hydroxide, 
drying, and calcining the piatcijulatcs at various 
temperatures, accfu-ding to tJie colour required. 
Iho Mars pignumts preseut no particular ad- 
vantages oyer the oi’diuary iron y(;iloAv.s and 
reds, and they may fits someAvhat injuriuuH to 
certam of the* madder pignmnt.s. 

lerre vcrie, V esronei green, VeruncHe eiarUi, 
Ureen earth, &c., are pub;, bluish-grefu, natural 
pigments, conKi.stiug eH.seiitiully of an alkaline 
and magncAsian ferrous .silicate; but as the 
localities are numerous, consiibu'able variations 
m composition are observed. Terre vcrles is one 
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of the most inert and permanent pigments used 
by artists, but it is defibient in body and iri- 
tonsity’of hue. It is availalile for painting in 
oil, water-colour, tempera and fresco. 

Pnmian blue, Chinese, blue, Anlivety blue, 
Berlin blue, Paris blue, soluble blue, bronze blue, 
Saxo?i blue, &c. This pigment occurs in sevci’al 
forms. Commonly, it is a mixture of potassium 
ferric ferrocyanide, K2Fe4Cyi23 with ferric ferro- 
cyanido, FcjCyig ; but the most permanent 
form is ferric ferrocyanide, EcjCyjf. Some of 
the varieties named, such as Antwerp blue aiid 
Paris blue, contain other ingredients and are 
inferior to the true Prussian blue, which is an 
intense colour with a slight greenish shade, is 
l)ermanent, miscible with other pigments and 
useful both in oils and water-colour. It is not 
available for fresco-work or enamels. Though 
liable to fade in a strong light, it recovers its in- 
tensity of hue when kept in the dark for a while. 

Pigments containing chromium. Chrome 
yellow, normal lead chromate, PbCrO^, is a salt 
of a full yellow hue, prepared by a simple 
precipitation process. Usually, mixed or diluted 
chrome yellow.s arc met with in commerce, lead 
sulphate, barium .sulphate, or gyi 3 ,sum, being 
a.ssoeiated with the lead chromate : examples 
are PbCr04-PbS04and PbCr04-2PbS04. Cologne 
yellow consists of lead chromate and sulphate, 
Homotimos with calcium sulphate. Paris 
yellow is a mixed ‘ chrome * of a somewhat 
.similar typo. Other products are primrose 
chrome, pale chrom, middle chrome, and deep 
chrome. The.so colours are far from 
manent, being sensitive to the action of sul- 
phurett(!d hydrogen, darkened in admixture 
with sulphide pigments, and liable to change in 
the presence of reducing substances. Por 
water-colours and distemp ■ -f ting, 

the yellow chromes arc ^ . In 
oils, they are permissible, with certain limitations. 

Zinc chrome, Citron yelloiv, zinc chromate, 
ZnOrOj, is a pale yellow pigment of fairly good 
(iovering jiower, less u.sed alone than for a.sHOcia- 
ting with Prussian blue in the XJroduction of 
various shadtjs of mixed greens. TTio com- 
])o.sition of thi.s pigment is sometime.s roiuc- 
sented by the formula 3(ZnCr04),K2Cra07. 
Zinc chrome is not affected by Bulxjhurettcd 
hydrogen, and is miscible with most other 
pignumts without deterioration. Acids, alka- 
li.s, and organic compounds attack it, the last- 
nan)ed having a tendency to change the colour 
from yellow to green. 

Lennon chro 7 ne. Lemon yellow. Baryta yellow. 
Barium chrome, permanent yellow, yellow idtra- 
marine, Sleinb tiller yellow, and Jamie d'Ouircmer, 
are names given to barium chromate, PaCr04, 
the most stable of the chromium 2dgment.s. 
Prepared by the double docomx)o.sition of barium 
chloride and pota.sHium chromate, filtering, 
washing, drying, and grinding ; lemon yellow 
is obtained as a very pale, moderately opaque, 
and serviceable pigment, which can be used with 
safety in oils and fresco, Por water-colour 
painting it is less suitable, the yelloAV assuming 
a greenish hue under unf'avoural)le conditions 
of ex])osure. The greatly inferior sirontian 
yellow, strontium chromate, yr0r04, is n(jt in- 
frequently substituted for baryta yellow. 

Lime ' chrome, calcium chromate, 0aCr04, is 
a similar pigment of littl<^ value 


Siderin yellow, basic ferric chromate, 
Peo(0r04)3, is a somewhat pftile-hued xu-oduct, 
very .stable, u.seful in stcreoehromy (water-glass 
iminting), and of occasional application in water- 
colour work. 

Coptper chromate CuCrOi is a red salt, some- 
Avhat dull in hue, which has been proposed and 
actually used as a pigment, but it is fugitive 
and of little pa'actical value. The equally un- 
.serviceable mercury and silver chromates have 
already been mentioned {v. supra). 

Chrome red, Austrian cinnabar, Crange 
chrome, Derby red, Chinese red, &c., basic lead 
chromate, PbCrOijPbO or Pba0r04(0H)2, is an 
orange-scarlet pigment, made by beating normal 
lead chromate with a dilute solution of sodium 
or potassium hydroxide. The shade obtained 
depends upon the extent to which the reaction 
X)roceeds. Like the yellow chromes, the chrome 
reds are ’ " ' . ith .sulxjhide xiignients, 

such as .. i- ■ and ultramarhie, and 

they are liable to turn green in the presence of 
reducing .substances, such as oxidisable organic 
Xjigments. But, unlilco the yellows, they may 
be used with caution in temxjera work. 

Chrome green. Vert de chrome, true chrome 
green. Prexaired by (a) igniting ammonium 
diohromato, {b) igniting merourou.s dichromate, 
(c) heating toge" ■ . chromate and 

sulx)hur, (d) the . . i ixture of potas- 

sium diohromato, ammonium chloride, and 
sodium carbonate. This lino lugment is, or 

should )3G, e" ' V ■■ r.- -■-■■r- ‘ anhydrous 

chromium i or (according 

to another process of manufacture) chromium 
phosiJhato, L'f2(P04).2. Some XJi'oduots are a 
mixture of the two compounds. The oxide 
XJignients are of liner hue than the phosphate 
colours. Chroino green is one of the most 
Xiermamait, generally trustworthy, and widely 
applicable colours used by artists. 

Mixed chrome greens are mixtures of chrome ' 
yellow, barium sul])hate or gyjisum, and Prus- 
sian blue. These are greatly inferior to, true 
chrome green and are unstable in the presence 
of sulxihur, lime, alkalis, and oxidisable vege- 
table or animal ])igmcnts. 

Viridiun, Veridian, Vividian, Guignef s green, 
Miltler’s green. Vert cmcraudc, hydrated chro- 
mium scsrxuioxidc, Cr203,2HgO, is XM'eiJfU'f^d by 
calcining a mixture of crystallised boric acid 
witli about one-third ite weight of potassium 
dichromate, treating the re.siduc with hot 
water, wa.shing, wet-grinding, and drying. One 
of the most valuable pigments used in art, 
viridian is universally apxjlieablo, without action 
upon other xugnients, and absolutely permanent. 
Though -called, in Prance, Vert emerwude, it is, 
of course, entirely distinct from the fugitive anil 
jjoisonous emerald green already described 
among the cox)per pigments. 

Pigment containing nickel. Nickel yellow is 
a permanent colour, obtained by i3recix>itating a 
solution of nickel sulx^hate AVitJi sodium phos- 
Ijhate, washing, drying, and igniting. 

Pigments containing cobalt. Cobalt yclloio, 
AureoUn, colialto-potassiurn nitrite, 
K30oa(N02)42.a:HaO, 
or .sodium-potassium-cobalt nitrite, 
KaNaOo(E02)8,H20, 

is a bright yellow, durable i^igment, which is 
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without action ujron other pigments, with the 
exception of the lakes, and is only very slowly 
attacked hy sulphuretted hydrogen. Auretdin 
is permanent in water-colour, as well as in oils. 

Cobalt pink, 7nagnesia-cobaU pink, is j^roduced 
when a thin paste of finely di ‘ 1 d 
carbonate together with an 
of cobalt nitrate is dried, and subsequently 
ignited in a covered vessel at a high temperature. 
Strongly ignited cobaltous arsenate and phos- 
phate are also of a pink or foxglovc-red colour, 
inclining to violet. Those pigments are some- 
times known as ‘ cobalt red ’ or ‘ cobalt violet.' 

Rinmann's green, Cobalt green, sometimes 
termed zinc green, cobalt zincatc, CoOZnO, 
is a delicately shaded and artistically satis- 
factory pigment, of great permanence, and 
innocuous to other colours. The best product 
is obtained by drying and calcining zinc oxide, 
previously made into a paste with an aqueous 
solution of cobalt nitrate, sulphate or chloride. 
Another cobalt green is prepared by mixing 
zinc and cobalt solutions with sodium phos- 
phate, and igniting the washed and drietl 
precipitate. The ijroduct so obtained has a 
bluer tint than the true Pdnmann’s green. 

Turquoise green, chrome-alumina cobalt 
oxide, is a bluish-green irigment mostly used in 
ceramic painting, but occasionally also in oils. 
It is made by heating to redness aluminium and 
chromium hydroxides together with cobaltous 
carbonate. 

Cobalt blue, ThUnard’s blue, Leyden blue, 
King's blue, cobalt ultramarine, Calm's iiltra- 
marine, azure blue, &o. Several methods are 
used in the production of cobalt blue. Tho 
variety of this pigment known as Wenzel’s blue 
can be prepared by adding ammonia to a solu- 
tion of cobalt chloride, mixing tho precipitated 
and washed hydroxide with alumina, drying, 
and igniting ; or by moistening recently precipi- 
tated aluminium hytlroxidc with a solution of 
cobalt nitrate, drying the mixture, and strongly 
igniting it. Another cobalt blue is made by 
mixing freshly precipitated and washed cohalt 
phosphate with newly precipitated and washed 
aluminium h 3 ulroxide. The mass is dried, 
ignited, and ground. Cobalt arsenate may 
be substituted for the phosphate. Also a 
mixture of alum and cobalt nitrate solutions 
may be precipitated by sodium carbonate, the 
precipitate being washed, dried, and ignited, 
as usual. It will be seen that cobalt blue may 
ho a cobalt aliiminate or a compound of tho 
phosphate or arsenate of cobalt with alumina. 

These cobalt pigments are permanent, 
except in the presence of ammonium sulphide. 
They are available in all media, including 
fresco, and are without action upon other pig- 
ments. The tint of the blue is slightly greenish, 
and in artificial light a shade of violet is per- 
ceptible. Cohalt blue is especially valuable in 
water-colour, for which it is somewhat more 
suitable than for painting in oils. 

Leiteh's blue, or cyanine blue, is a ‘ mixed ’ 
pigment, composed of cobalt blue and Prussian 
blue. It is moderately durable, but presents no 
very striking advantages. As Prussian blue is 
a constituent, this pigment cannot be used in 
fresco work. 

Smalt, Saxon blue, ’ ” ; ■ ilicate, 

is a deeply coloured gl, . . ■ . ■ state 


of division, Avas at one period much used as a 
pigment. Artificial ultramarine lias, to^i great 
extent, replaced it. iSnialt is deficient in 
cliromatic and covering jiower, but it is perlectly 
durable and AACthout injurious ellect upon any 
other pigments. 

Coerulewn, Cerulean blue, Coilinblau, Bleu 
celeste, cobalt stannate, is a greenish - lilue, 
permanent, semi-opaque colour, made by 
igniting stannic oxide, lArcvioualy moistened 
with a solution of cobaltous nitrate. It 
possesses the advantage of ajipeariiig less violet 
by artificial light than tlie other cobalt blues. 

Cobalt brown results Avlien cobaltous sul- 
phate, ferrous sulphate, and ammonium sul- 
phate, or ammonia alum, are very strongly 
heated together. Aiotlier method of manu- 
facture is to mix ferric oxide Avith aluminium 
hydroxide and a cobaltous salt, the mixture 
being then ignited. 

Pigments containing manganese. Manganese 
green, Cassel green, barium mangaiuite, is made 
by cautiously heating a mixture of iiianganeso 
nitrate or oxide Avith barium nitrate. Or, 
manganese dioxide and carbonate may be heated 
Avith Another manganese 

green . as follows. A solu- 

" ' ■ ' shlorate is preeiiiitated by 

. violet compound produced 
is washed, dried, mixed Avith barium hydroxide 
and carefully heated, A green mass re.sults, 
which requires washing Avith water and furtlier 
treatment. 

Manganese blue. A Jiiixture of kaolin, 
manganese oxide and lairium nitrate, or of 
silica, manganese oxide and barium nitrate, 
ignited at a red h(‘at, is stilted to yield ii Iduo 
product, available for use as a pigment. Soda 
ash, silica, calcium carbonate, and mangiinese 
oxide, mixcid together and calcined, yield a 
similar product. 

Manganese violet, mineral violet, permanent 
violet, impure manganese metapho.sjjhute, i.s 
prepared by cA'-aporating to dr^-rmss ii mixture 
of solutions of phosphoric acid and nianganou.s 
chloride, fusing tho rewidue, boiling Avilii iim- 
raonium carbonate solution, alloAving the turlad 
liquid to stand, filtering, e.viiporating the fil- 
trate to drynes.s, fusing the riisidue, pulverising 
it and boiling Avith AA'ater. The pigment 
separates as a line violet j)recijiitate, Avhich 
must be collected on a filter, AA'aslied, and dried. 

Rato umber, Turkey^ umber, Levant umber. 
Terra ombra, is a greenish- to yelloAvish-broAra, 
Hiliciou.s and ferruginous ftartli, eoutaining a 
coiusiderablcs projjortiou of one or other of the 
higher oxides of manganeseq Mu,,0^ and MuO„. 
Most of the best sjjecimen.s an; of (Jyjmote 
origin, but many e(Jimtries ^deld a supply of 
this natural pigment, Avliieh 'mendy has to be 
ground, levigated, and dried at 100". iiaw 
umber is a permanent and justly-vahusl piir- 
ment. It has no injurious (ill'eet upon oilier 
stable colouring matters. 

JJurtit umber. Velvet hrowti, Chestnut brown, 
&o., result from the calcination of raAv umber; 
they are equally permanent, and can be used in 
conjunction Avith all other durable pigments. 
Tho colour of burnt urn law i.s Avarmer and richer 
than that of tho raAV jirodiict. 

Cajypagli brown, mineral brown, evchrome, is 
a highly mangauiferous and ferruginous earth. 
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obtained from tln^ Cappagli mine, near Skibbo- 
recn, Jssoland. When heated to 100° it loHes 
Avatcr and assumes a fine; reddish-1)ro-\ni hue, 
like that of ijurnt siemna, d'his pigment is 
suitable for Avork in oils or A\'atei'-colour, and is 
liermancut. Before grinding in oil, it should be 
flried at a tenpieraturc! not exceeding 80°. 

Caledonian brown possesses a reddish tint, 
altered upon ignition almost to black. This 
.earth is composed (!hi(dly of mangaiuise and iron 
oxides and hydroxides ; it is a useful and 
permanent colour, workable Avith all media. 
The original suj)])lies are said to be exhausted, 
and a .substitute is sold consisting of a mixture 
of Vandyke InoAArn and burnt sienna (Church). 

Manganese blade, MnOo, i.s tlu'- native man- 
ganese dioxide, A'cry finely ground. It i.s 
expensive, too rapidly siccative, and Avithout 
compemsating advantages. 

Pigments containing zinc. Zinc while, Chi- 
nese white, snow ivhile, flowers of zinc, Blanc de 
zinc, Zmkweiss, zinc oxide, ZnO. d'his bril- 
liantly white pigment (.sometimes also called 
‘ permaiumt Avhito ’) is non-poisonous, ]K,‘r- 
manent, innocuous to other pigmonts, and 
available for Avater-colour, tempetra, fresco, and 
oils. In the last-named, hoAA'ever, it drie.s less 
satisfactorily thati fiak(i Avhitc, and AA'illi tiio 
lapse of time exhibits deficient opacity. .Kor 
artist.s’ AVork in wat(*r-cr)IourH, it cannot be 
excolkid, and its use among j)ainters gcmorally, 
in cnamcils, mixed -ijaintH, dipping paints, (!om- 
binati(m white leads, anti as ti carrier for lake 
pigments, is rapirlly extent ling. It is a mistake 
to consider that zinc w'hite is Avanting in 
covering or spreading jxiAV'cr. In this re.spect, 
it can holt! its oAvn very AA'tdl against white 
Itjad, than AAdiieh, Iioavovct, it possessos some- 
AV'hat less hotly. 

Zinc carbonate, ZnfjO.,, has been nsi^tl as a 
pigment, hut Avith little sui;c!e.s,s : It is inferior 
in oiAacity and tint to ziim Avdiite, 

Zitic sulphide, 2In8, is .someAAfiuit rarely used 
alont) as ti ])igment, Ijeeause, though po.ssessed ttf 
coiiBiderahle. hotly, it n/mally fails Avith regard 
to purity of tint, Morc^over, as an artists’ 
colour it is inadmissible, from its teiulency to 
injure ct'rtain other pignitmi.s. A.ssoeiated Avith 
barytes, zino oxide, magnesia, ttr the like, 
zinc 8ul])hit]e tmters intti the t!ompo.sition of 
numerous Avhil e pigments rioAv u]X)n the market, 
sneh as Orr’s AAdiite or lithojtonc, Griffith’s 
Avhito, &e. 

Zinc-lead white is an intimalti mixture of 
a])proximately 50 p.e. of zirus ttxitle Avith 50 ]),c. 
of Icatl .sulphate, d’he process t)f manufacture 
is similar to that of sublimed Av'hite lead, 
d’lie cttlour resembles tluit of corrotlcd Avhitc 
Itiatl, and cannot be described as a pure white, 
d’his xfigmeni is hirgely uscfl in house jjaints 
and for the dipping jiainls in AV’hich agricultural 
implnment.s and tlie like are painted by im- 
mersion and Hul)s(‘f(uent draining. 

’ ’’ithnpone, zinc-baryta while,. 
' white, Orrbs while, Charlton 
white, oleum white, 2 )Citcnt zinc vdidle, d'liese and 
other names have been applierl to a immijcr of 
])atonted pigments, the basis of AA'hieh is zinc 
snlpbide. As.soeiated AA'ith flie zinc eoin]K)Uiid 
in most cases is barium .sidphate. Lithopone 
(flic (jcirman name, Avliich is hoav generally used) 
contains from 15 to 30 p.c. of zinc sulphide, 


according to the quality of the pigment : the 
be.st contains 30 p.e. From 7 to 10 j).c. of zinc 
oxide may bo present, and the rest is barium 
sulphate. The parent of this class of pigments 
Avouhl seem to have been Orr’s Avhite enamel 
(.1874). Tho.so products are of good body, con- 
siderable covering ])OAver, and undeniable effi- 
ciency as .sub,stitutes for Avhite lead, with Avhicli 
they compote in purity of tint. The lithopones 
are unalfocted by atmospheres Avhich darken 
lead paint, but they cannot he mixed Avith lead 
or copprir pigmonts. They are overyAvhere 
■rx'ri.- I'.i ;■ i:--. ! in the oil-cloth industry. 

Z'. r and zinc r/nen have been dealt 

Avith under Chromium and Cobalt pigments 
respectively.) 

Zinc cjrcy is a name applied to zino dust 
(true zinc grey), and to various mixed pigments 
consisting of zino oxide mingled AAfith mineral 
blacik, lam]) black, or the like. 

Pigments containing barium. Permanent 
while, constant while, barytes white, ena^nel white., 
barium sulphate, .BaSOd, occuns in nature as the 
’ mineiul barytes, the jmror grades of AAFich are 
pulverised, levigated, dried, and ground for the 
ooloAirman’s use. The varicsty of this pigment, 
knoAvn as Blanc fixe., jmcipitated barytes, or 
artijle.ial barytes, is made artificially by j-a-'cei])!- 
tating a solution of barium chloride, or smno 
other soluble salt of barium, AAoth suljfiiuric 
acid or a soluble sulphate. The artificial pro- 
duct is somcAvliat purer than the natural pig- 
ment, and jioHsessoH groatifr opacity, liut it is 
Avanting in covering power, and though omployocl 
in water-colour painting, undesr the name of 
permanent Avhito, it cjannot bo recommended as 
an oil colour. It i.4, hoAvevor, one r)f the most 
absolutely jiermanent and inert jiigmonts 
knoAvn. Barytes has been largcdy used as a 
‘ filler ’ or ‘ c'xtcmder,’ for Avhito lead and other 
■Iiigments, 

Ilambnrrj white., Dutch white, and Venice 
white, arci mixtures of liarytes Avhito and lead 
Avhite. 

Wilhe.rile., baritm carbonate, BaC/O.,, has very 
occasionally found its AA^ay inf-o the market as a 
AAdiite j)igmenfs hut it mainly serves as the 
Sfini'ce from Avliicli barium chloride and other 
Hohil)le harium salts are prcpanal. 

{Lithnjione. has been described under Zinc 
pigmemls, and Baryta yellow under Ohromnm 
pigment s. ) 

Pigment containing strontium. f^lrontian 
white, strontium sulphate, iSrSO^, has a very 
limited use as a whif.e pigment. Its j)re])nration 
from the mineral, oelcstine or eiilestite, is 
similar to that of iiermainmt AvhitiJ from barytes. 
It is, porha])H, superior to barytes as a, pigment, 
but is too cosily for general uh(^ (For slron- 

iiw ” . *' ■ ' - ' 

< ;;h * .Terra 

alh< , , ' . Iphalc, 

CaiS 0 .i, 2 H 20 , is obtained from thc! crude, mineral 
by ermsbing, hwigiition, and drying. It is a 
permanent and useful pigment, innocuous to 
other colours and po.ssessed of greater body 
than bar,\t<AS. Pajjer stainiu’s atul jiapetr- 
makers use. it in large. f{uantities. 'I’lie [ygmenb 
known as satin Avhitf* nsually consist.s of a 
mixture of ealeium sulpbatii and alumiitiinn 
hydroxide!, Al„f)8,311..jO. It poHH(!.ss(!S more body 
and covi'i'ing power than gyp.sum alone. 
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Whitening, ” ’’ ’ w7dte, Paris 

white, Spanish ■ ' , . , • ; dust, Gilders^ 

white, llreide, Graie, calcium carbonate, CaCOa. 
This pigment is used as a ‘ filler ’ or ‘ assistant ’ 
in mixed ]:;aints, hut chiefly for whitewashing and 

in distemper work, as r --v'-'- ; it is 

permanent and can be 1 ■ ■ ■ .. p^iiuents, 

excepting vegetable colours, Prussian blue, 
emerald green, chrome yellow, and the like, 
which are likely to be affected adversely by 
alkalis. In oil, whitening is unserviceable and 
a bad drier. 

Pigments containing magnesium. Magnesium, 
carlonate, MgCOj, prepared from the mineral 
magnesite by crushing and levigation, has some- 
times been used as a pigment. It is permanent 
and available for admixture with other pig- 
ments, excepting such as are injured by alkalis. 

Pigments containing silicon. Pure silica, 
SiOg, ground to an impalpable powder, is useful 
for admixture rrith all pigments, excepting the 
silicious ochres, its ’ ■ * ‘ ’i ; that 

of a reinforcing or . ■ . ' ■ i inert 

and j)re-eminently . ‘ , ■ , parent 

for employment as a pigment alone. The main 
advantages of silica are its ‘tooth,’ and its 
absolute permanency. Steatite, Soapstone, 
3Mgb,4Si02,I-l30 

is used to impart a glaze to some special paints. 

(Eor kaolin, v. Pigments containing alummium . ) 
Pigments containing, or consisting chiefly of, 
carbon. Soot hlack, vegetahle black, lampblack, 
smoke black, candle black, flame black, gas black, 
carbon blade. These widely used pigments are 
soots, obtained by the incomplete combus- 
tion of mineral oils, greases, and fat-oils, resins, 
tarry matters, and natural gas. Carbon or gas 
black is mostly produced in the combustion of 
the last-named. Acetylene black is an especial 
variety of gas black, obtainr"'' ^ 7 - '-“-''--■'v ■ 
together in a cylinder acoty ■ ■ ■ . 

limited supply of oxygen. ' ' , ■ ' ■ 

derived from tar, naphthalene, pitch, &c. : true 
lampblack is mainly from liquid raw materials. 
Those pigments are nearly pure carbon, perfectly 
inert, entirely permanent, and uninjurious to 
all other colouring matters, with the exception 
of a few unstable organic compounds, liable to 
bo decolourised by carbon. A verj’’ fine, ]nire 
lampblack is the pigmentary basis of Chinese or 
Indian ink. 

Animal blade, bone, black (Beinschivarz), ivory 
black, Paris black, sugar house black. The first 
is obtained as the carbonaceous residuum of the 
destructive distillation of miscellaneous animal 
offal, the second in a like manner from bones, 
and the third is or should be r -'''' — -] -i- .t _ 

from waste ivory. Ivory .■ 

when the lime salts have l)eer ■ ■ i,' 

tion in hydrochloric acid — is the most 'intense 
of the black pigments : it is stated (Toeh).that 
lampblack 'will make a light mark on ivory 
black. The animal blacks exert considerable 
decolourising power when associated in an 
' ' ” with“' ,‘ ■■ ^ • mattens • 

■ ' ■ = ■ ^ ■ ore I ^ ■ oils than 

■ / ■ ' ■ painting. iNotably hygro- 

scopic, <such pigments should ho dried before 
being ground in oil. Soap blade is a form of 
ivory black moulded into pastilles with a little 
gum-water. 

Charcoal blade, Frankfort black, German 


blade, drop-black, blue-blade, vine-black, and the 
like, may shortly he flescribed as clmrcoals. 
They are made by calcining in closed vessels 
materials of the most diverse descriptions, and, 
as may he expected, vary greatly in value, 
quality, and cost. Tho finest bluish-black and 
velvety products are obtained from vine and 
beech twigs, fruit stones, coco-nut shell, grapo 
husks, and dried wine-lees. Inferior charcoal 
blacks result from the charring of very many 
non-resinous, soft woods. Bass, willow, and 
maple woods, also paper mills’ refuse, are 
among the materials employed. Drop-black is 
so named because it is sent into tho market in 
the form ' '' ; ’ drops, into which it 

has been ■ ■ -lo aid of a little glue- 

water. 

Mineral black, slate blade, oil blade or black 
chalk, is a brownish-black to blue-lilack, highly 
carbonaceous shale, occurring in Bavaria, Spain, 
Italy and elsewhere, suitable for pigmental 
use, after crushing and levigation or wet- 
grinding. Coal blades are somewhat similar. 
In common vdth other t ■’ ■ ■■ ' ■ ■ ' mineral 

black dries slowly, but ■ ■ ■ ! wat per- 

manency. The more intense blacks, of artificial 
origin, arc superseding tho different varieties of 
shale- and coal-blacks. 

Graphite, plumbago, or blade lead is a dark 
grey to black pigment, of absolute permanence, 
available for use with all media, and miscililo 
with other pigments. Nearly pure carbon, and 
extraordinarily inert, it is a valuable ingredient 
of paints used as protective coatings for metals. 
This application of plumbago is exemplified in 
the familiar stove polishes. With white pig- 
ments, graphite supplies the artist with neutral 
greys. Its use in the manufacture of drawing 
pencils need merely bo mentioned here. 

Prussiate black is the washed and dried 
carlionaceous residue, obtained as a bye-product 
in the manufacture of potassium ferrocyanide. 

Prussian blade results from tho calcination 
of Prussian blue, is a mixture of carbon and 
oxide of iron, possesses a brownish shade and 
presents no par-' 1 - '■ ; ■ ' ment. 

Bistre is a ■ ■ . ■ soot, 

’■"'I ■’ ' " from tho smoke of beechwood. 

■ ■ ■.■■■■ ■■ use by d'ccr-'lm! risol repeated 

■ )oiling v.-,;n r'. and 

grinding with gum-watci- or ■ i/coroi, or both. 
Bistro, which is not used in oils, is somewhat 
fugitive. 

Bone brown is prepared liy calcining bones 
until they are of a brovmish colour, and grinding 
the product. 

Vandyke brown, n- - -’i.'-ril];,- >:.■ witli in this 

ferruginous 

■ I ■ a fine, rich hue, this variety 

■ ' 'is decidedly fugitive, especi- 

ally in water-colour. Two other, more per- 
manent, but far less richly-tinted pigments, sold 
under tho same name, consist of a broum variety 
of caput mortuum, and a calcined ferruginous 
ochre, respectively. Imitation Vandyke broAWis 
are made, consisting of ochre, coleollinr, and 
lampblack, in admixture. 

Cassel brown, Rubens' brown, Cologne earth, 
Cullen earth, coal brown, and the like are, for the 
most part, varieties of brown coal or lignite. 
Some arc ochreous in character and approximate 
in composition to the umbers. These pigments 
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are subject to such variability of composition, 
that they cannot safely be trusted for artistic 
purpo^s. 

Asphalkim, hihm.cn, 7nineral pitch, 7nwnmy. 
'Ihe use of asphalt or native bitumcm, as a pig- 
ment, has been virtually abandoned by artists, 
}jut large quantities from Trinidad and else- 
where are consumed in the manufacture of 
varnishes, such as BrunsAvick black, carriage 
varnish, and black japan. Extreme brittleness 
is a di-nd-.c; u-- feature of asphalt coatings. 
Muc;'. of ,! od.di used in varnish-making is 
an imitative product, derived from coal-tar. 
The use of native bitumen by the ancient 
Egyptians, for embalming the dead, led to the 
application, in after-centuries, of the exhumed 
remains, ground to dust (bitumen, bones and 
all), as an artist, s’ pigment, under the name of 
7nu7nm7j. This colour, in an oil vehicle, is more 
permanent than asphaltum. 

Other pigments of organic origin, hidian 
ycllou). Purree, Pniri, Purrea Arabica, is com- 
posed mainly of the impure, basic magnesium 
salt of euxanthic acid 

(OH-njn3<QQ>C6ivo-cii(on)-[Cir-oiivcooH,iiH.p). 

'L'ho compound is Mg-CioT-rmOujSHgO, and is 
(!xcretcd in the urine of cows fed upon the leaves 
of tlic mango tree, Manyifcra indica (Linn). This 
])igment is cxclusivcdy made by natives of India 
at Monghyr, Bengal. The urine is evaporated, 
the yolloAV rcjsidue dried, collected on calico and 
rolled into balls, which are sold in the native 
bazaars. Indian yelloAV is moderately per- 
manent in oils, wc‘11 suited for fresco work, 
somewhat fugitive in water-colour, and apt to 
injure certain of the lakes when associated with 
them. It is unaffected by sulphur compounds. 

Gallstone, a ycdloAV pigment derived from a 
c.alouhis formed* in f oxen. 

It has been used as a ■ ■ > is of no 

permanence and littlci value. 

Gamboge, gutti, gimmiigxitt, go7n7ne-g7iUe. This 
familiar pigment is a gum-resin yielded by 
Malayan, Siamese, Burmese, Indian, and Oinga- 
le.se species of Oaremin. Gambogic or cambogic 
acid, the principal of the resin acids constituting 
the I'hgment, is OaoTIajOQ (Buchner). Gamliogo 
is better adaptofl as an oil pignumt than for 
water-colours, but evfiu in oil it is not permanent 
unless beeswax, solid paraffin, or a resin such as 
Venice turpentine or copal be present also. As 
a water colour, gandmgc! is lawt avoided : alkalis 
darken it, and light not infrequently diminishes 
its brilliancy of tint. If admixed with cadmium 
HAilphide or barium chromate, it is less alterable, 
but aureolin anfl purree are more trustworthy 
pigments, 

Drago7i‘s blood. The flragon-treo of the 
Canary Islands, Draco (Linn.), the rattan 
trfic, Oakmius draco, and a variety of oilier 
plants, yield deep red-coloured resins known in 
commerce under the above name. The chief 
su pplies appear to lie obtained from Doemono- 
drops draco (Blumo.), and ai-c exported to Europe 
from Southern and Eastern Asia, under the 
namn of palm dragon’s bloofl. The main 
tinctorial component consisls of the benzoic and 
benzoyl-acetic esters of dracorc'sinotannol, 
CgHoO'OH, associated together ; the first- 
named being greatly in excess. Dragon’s blood 
is mostly used as a colouring ingredient for 


varnishes, wood stains, French polish, and the 
like. As a jiigment it is fugitive and untrust- 
Avorthy. It dries poorly and is injured by certain 
other pigments, such as flake Avhite. 

Hoohei'^s green and Prxissian green are 
‘ mixed ’ pigments, composed of gamboge and 
Prussian blue. 

Indigo, indigotm, mdigo blue, 
or : C<^g>OoH 4 , is formed by 

the fermentation of the glucoside, indican, 
OgaHijoNaO.),,, a constituent of various species 
of indigofc7'a, especially I. tincloria (Linn.), and 
of other plants, such as Avoad, I satis tmetoria 
(Linn.). Commercial indigo is impure indigotm 
and is greatly improved in quality and hue 
(‘intense lilue ’) by successive treatment Avith 
hydrochloric acid, hot Avater, sodium hydroxide 
solution and strong alcohol (Church). SynthoGc 
indigo is noAV a formidable rival to l,ho natural 
product, and is stated to contain 97 p.e. of 
the pure pigment. Indigo in oils and Avater 
is Avanting i ’ uffers deteriora- 
tion in the ; and other pig- 

ments. It is alleged, hoAvover, that there are 
prepared ‘ absolutely fast ’ indigo lakes (Zerr 
and Riiboncamp, Eng. ed., 1908, translator’s 
note, p. 450). 

8epiam the dark broAvuish-blaok pigmentary 
matter contained in the ink-bags of the sepia, or 
cuttlefish, and allied cophalopodous organisms. 
The method of preparation consists in boiling the 
crude sepia with oaustic soda solution, filtering, 
precipitating the colouring matter from the 
alkaline solution by the additio ■ 
acid, collecting, washing, and ■ . ' . ' ■ 

permanent, irujrt, and suitable both I'or oils and 
aqueous media. Itis ■ ■ ‘ ” i " ■■mono- 
chrome Avork and ]■ ■ ■ : ^ linting. 

The exact chemical nature of the compound 
melanin (apparently a weak organio acid, 
sepiaio acid), which* constitutes 78 p.e. of the 
ingmont, is at present incompletely studied. 

Pigments composecl of lakes. Tho lake 
colour's have, during tho past tAvo decades, 
become of prominent importance. They are 
fully dealt Avith in tho article ‘Lakhs,’ vol. iii. 
p. 235. In contradistinction to tho pigments 
already described, Avhich, for the most part, arc 
substantive colours, i.c. consist of homogeneous 
particles {e.g. aureolin, chrome green, lamp- 
black), tho lalco j)igments are ^ * ■ ■ ; ^ ■ . 

and are compounds of a solubl . 
colouring irrinciplo Avith an insoluble inorganic 
base, most often -r.’i.o I E. mi l generally, 
but not invariab];, ■rbi;e. :g the bases 

employed arc aluminium hydroxide, calcium 
sulphate, zinc oxide, kiesiilguhr, kaolin, and iron 
oxide, but many others are irscd. Three classes 
of lakes come Avithin tho category of pigments : 

(1) lakes ma<l(! from animal colouring matters ; 

(2) lake-s prepared from vegctalilo substances ; 
and (3) lakes obtained from coal tar xu'o- 
ducts. Lakes lielonging to the first Iavo elasHcs 
Avero in use at a very early period, but Die 
far more numerous lakes made from artificial 
cokmring xirineiples are of quil,e modern infro- 
duction. 

Carmine is the most im]K)rl:aut epiinyfle of 
a lake jiigment belonging to the first of these 
classes. I’he dried females of tho cochineal 
insect, CoccAis cacti, are boiled Avith Avater, alum, 
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stannous chloride and sodium carbonate being 
added. After standing for a few days, the 
decanted liquid throws dow the pigment as a 
crimson precipitate, which is washed and dried. 
Analysis shows that the major part of the 
inorganic base present, together with the 
carminic acid, 000112.^0 13 (Liebermann), is 
alumina. By varying the quantity and nature 
of the base, other lake pigments — cochineal 
lakes — are produced. These contain more 
water and more of the aluminous or other base,s 
than carmine. Carmine lalce { Florentine, Vienna, 
Paris or Munich lake) may be regarded as little 
more than a variet}'' of carmine. Crimson lake 
is more basic than either. Purple lake contains 
a lime-alumina base, and scarlet lake is a ‘ mixed ’ 
pigment, composed either of alizarin red or 
of crimson lake, brightened by vermilion. 

IndiaJi purple results when cochineal extract 
is precipitated by solution of copper sulphate. 

Burnt or roasted carmine is obtained by 
cautiously heating carmine. A similar product, 
called huryit lake, can be prepared from crimson 
lake. 

All the.^* 'hough beauti- 
ful in hue, ' . and .should be 

excluded from tire artist’s palette. 

Lac lake, Indian lake, lac dye lake, lack lack. 
A rosin called gum lac is formed on Ficus 
. ■ en jmnetured 
\ to the cochi- 

' ■ ugh initially 

vegetable, runs from the female insect and 
solidifies on the twigs as stick lac. This, 
extracted with water, yields lac dye, and the 
insoluble residue constitutes the seed lac and 
shellac of commerce. After purification, the 
lac dye (laccaic acid, CijHioOg, Schmidt) is 
extracted with an alkaline solution and subse- 
quently treated with alum. The precipitated 
lac lake is washed and dried. This pigment is 
less fugitive than the cochineal lakes, but its hue 
is inferior (v. Lac Dye). 

Among the lake pigments belonging to the 
second class mentioned above, those prepared 
from vegetable substances, are the natural 
7 nadder lakes. The madder root, Ruhia tine- 
torum (Linn.), contains, together rvith purpurin, 
Ci4TIg03(0H)2, the glucoside ruberythric acid, 
C2eH2,Oi4, which by hydrolysis yields di- 
hydroxy-anthraquinone or'aliza'rin, 

. C44H302(0H)2. 

tins compound is capable of giving, according 
to the nature and proportions of the bases em- 
ployed in association with the acidified and 
washed madder root (alumina, lime-alumina, 
iron oxide, copper oxide, et alia), crimson, pink’ 
purple, bromi, and plum-coloured lakes. Under 
sanuar conditions, purpurin gives orange-hued 
and bright-red products. The ’ 
madder pigments are madder 
7 mdder cannuie, pmk inadder, purple madder, 
Rubens madder, and madder brown ; but these 
lake.s from the madder root are now almost 
obsolete, the j---,. - irtificial alizarin : 

and purpurin ■ , having 

led to the cheap and facile production of artificial : 
madder lakes (infra) on a large commercial ' 
scale, mether natural or of artificial oricrin 
the madder pigments, although alterable by pro- 

kid!:';'! f class, far less perish- 

t than the coccus lakes. This statement does 


not apply to the so-called ‘yellow madder,’ 
yellow lake (ne ' ■ '“ I the like, W'hich 

are extremely 

Other lake.^ ■ ■ . mrces aro tho.se 

from red sanders wood, alkanet root, Anchnsa 
tinctoria (Lam.) (including the pigment called 
violet carmine), Brazilu'ood, logwood or cam- 
peachy wood, archil, buckthorn, and quercitron 
or black oak. The pigrnent-s kno’wn a.s Vienna 
lake and rose pink are ]ireparetl from Brazil 
wood, Caesalpinia Braziliensis (Linn.) ; ypllov- 


wood, Caesalpinia Braziliensis (Linn.) ; ypllov- 
lake, brown pink, Italian pink, ^yellow maddrr,’ 
Dutch pink, yellow carmine, citrine lake, ‘ stil dc 
grain, ^ sap green, lokao (Chinese green), and 
. 1 ■ ■ ' quercitron bark, 

' ■ ■“ from diflerent 

species of buckthorn (Rhamnus), including 
Persian, Avignon and other lierrics. Violet, 
blue, red, and intense blue-black lake.s can bo 
prepared from logwood. Ilfemntoxylon com- 
pechianum (Linn.). French purple i.s an archil 
lake. Red and' violet lakes are yiidded by red 
Sanders or santal wood, Picrocarpus saninlinus 
(Linn.). All these pigments are. fugitive and 
untrustworthy. Old fustic, OJilorophora tinc- 
toria (Gaudich), young fustic, Rhus Ooiinus 
(Linn,), and turmeric, Curcuma tinctoria, may 
be mentioned hero, but they ant dye-woods, 
rather than sources of pigments (v. .separate 
articles). 

There remain to bo conHid(!red the lakes 
obtained from coal-tar products. These, let a great; 
extent, have superseded t he ]ak(“H of animal !uid 
vegetable origin. They have already lt(!on <Ie- 
scribed in the article ‘ Lakes ’ to which reference 
may be made. The following slujrt list inclndffs 

only .some of ’ ■ ' ' . ' ' he names 

of a few oft ■ ■ _ ■ : Group 

1 . Alizarin or artificial madder lakes (previously 
mentioned) ; the names of soiiuf of tlu* ]>igmcntH 
have already been given, but tin* eomnutreial 
designations of other representative examjfies 
are alizarin orange (marigold, pure, yellow), 
alizarin carmine, permanent crimson, oliiw. green, 
olive lake, sap green, Indian lake, scarlet lake, 
alizarin pink, alizarin blue, find aliza.rin violet. 
Group 2 . The triphcnylmelhane, f'fl((l3ir5)a, or 
rosaniline group of lakes : c.g. the; magenta and 
violet lakes. Group 3 . Lakes from the halogen- 
substituted phenol-phthaleins, or cosins ; e.,g, 

‘ vermilionettes,' Victoria reds. Royal reds. Sc. 
Group 4 . Lakes from the ' • 

rhodamines : e.g. deep pink 

Group 5 . Late j -t ■. , 

exceedingly nu ■ . ■ . ■ . , ir 

from various shades of yellow' to fhaq) viohit-reds. 
Group 6 . The, azine, ozyazinc, and thioazinc 
lakes', o-g. Nile blue A, methylene, blue B : also 
various red lakes. 

the pigments obtained frfirn 
the artificial colouring matters, wdth tlus excep- 
tion of the alizarin lakes and some of the pig- 
ments produced fi’oni tho azo colours, are 
neither light-fast nor arc they damp-fast or air- 
last. Many of the most brilliant prodiuds are 
deteriorated by a few hours’ cxpo.sure. Aiiart 
from tho artificial madder lakes, practically all 
the.se exquisite pigmeni,H are useless (o' the 
artist. 

Stability. For many years pa.st much at, ten- 
tion has been devoted to tho subject of the 
permanency or stability of pigments under 
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variou.s coiulilions. The agencies to 'which the 
painter’s colours may ordinarily be subjected 
arc li^'ht, air (possibly in a.s.sociation "Huth vary- 
ing quantities of noxious gase.s, such as sul- 
])huretted hydrogen and sulphur dioxide), 
moi.sture, the vehicle or medium used, the 
associated jiigments, and, in some cases, the 
painting ground. 

As long ago as 1772, Sir Joshua Reynolds 
testc'fi some of the pigments he used, and since 
his time many observor.s have similarly experi- 
mented, but in a more systematic and scientific 

manner: among them, r)-'’ ■ irew, 

Decaux, Simpson, Rood, = ■ .1’ and 

Abney, Church and Laurie. Much good work 
in this connection has bea'u done by the Munich 
Deutsche Gesellschai't fiir Beforderung ration- 
oiler Malvcrfahren ; and during the years 1894- 
1904, the Burlington Fine Arts Club carried 
out a series of valualilo tests of water-colour | 
paints, exposed to light under different con- 
ditions. Ogdon N. Rood, ^vhose experiments 
were made with washes of several dozen water- 
colours U])on drawing-paper during three and a 
half .summer months’ exposure, found only the 
.''o'] y. ■ - ir unaffected: yellow 

.•.■.■ir;, yellow, Indian red, 

light red, jnunc tU Mars, cobalt, smalt, French 
Iilue, burnt sienna, burnt undier, and terre verto. 
The experiments of Russell anil Ahney, u})on 
the action of light on water-colours, showed that 
wlieu wishes upon Whatman jiaper were exjiosed 
for nearly two years to light and air, the -follow- 
ing pigments remained unchanged : Indian red, 
Venetian red, burnt sienna, chrome yellow, 
lemon yellow, raw .sienna, terre verte, chromium 
oxide, Prussian blue, eolialt blue, French blue 
and ulf.ramarine ash. In the table below, the 
approximate order of instability of the pig- 
ments, Die most fugitive being placed first, is 
set forth : — 


1. *Oarmi«o 

2. *CrimHori lake 

3. *Puri)l(!inad(ler 

4. *8ear]e,t lake 
r>.*Payne’s grey 

6. ’''N'aples yellow 

7. *01ive green 

8. *Tn(ligo 

5) .*F.rown madder 
If).-" ’ ■ 

11 . .. 

12 ." : ; . 
L'}.* Indian yellow 

14. Cadnihun 

yellow 

15. Lcitch’s blue 


l(i.*VioIet car- 28. 

mine 29. 

IT.Wurple car- .‘50. 

mine ill. 

18.*8epia 

10. Anreolin 32. 

20. Hose madder 

21. I’ermanenfc 33. 

blue 34. 

Antwerpbluo 35, 
■ Madder lake 
:■ Vermilion 36. 
25. Emerald- 37. 

green 38, 
20. Burnt umber 39. 
27. Yellow ochre 


Indian red 
Venetian red 
Burnt Hieima 
Chrome yel- 
low 

Bomon yel- 
low 

Raw sienna 
Torre verto 
Gliromium 
o.xido 

rrnB3i.an iihio 
Cobalt blue 
Preneh blue 
Ultra marine 
ash 


Tlie colours marlccd with an asterisk altered 
during only four months’ exposure; Nos. 27 to 
39 showed no change during two years. Of 
thirty-four mixtures, only three remained un- 
altered at the end of the period ; hut six n)ixturcs 
containing I’russian blue, though (dianged at 
first, returned more or le.s.s tf) Dieir original 
colour when kept in the dark for six -lyeeks. 
Prussian blue, which has suffered in tint from 
exp.. .■ ' ■ y : known to po.s.scss 

the - ■ ■ of recovering its colour 

when ])laced in darkness. Among Ras-scll 
and Abney’, s conclusious were: (1) that 
mineral colours are far more sialiie than 
vegetable pigments; (2) tliat moisture and 
oxygen are. e.sseidfal for (diaiige.s to lie eflecb'il 
in 'vegetable colours; (3) that in a mixture of 
colours having no direct chemical action on one 


another, light causes the unstable colour to 
fade, leaving the stable pigment virtually un- 
altered ; and (4) that the more refrangible rays 
of light, which produce tl .-i - . 3 

pigments, arc present in ■ ■■ ■ nail 

proportion in the lights . ■ ■ -in 

illuminating a room or picLure-ganery. 

The German society above-mentioned 
selected the folloAving list of normal colours for 
oil-painting, as having been shoAvn by exjierience 
to be the most permanent and tru,stworthy 
under the influences of light and air : white 
load, zinc white, Naples yellow, cadmium yellow 
(darker shades), Indian yellow, broiAm and 
yellow ochre, terra di siena, burnt ochre, red 
ferric oxide colours, vermilion, madder (alizarin) 
lake, cobalt blue and green, ultramarine, the 
Prussian blues, chromium oxide green, green 
earth, umber, asphalt, mummy, ivory black and 
lampblack (Zerr and Riibencamp). 

The Burlington Fine Arts Club trials, which 
were made v'ith washes of a considerable number 


of moist water-colours upon Whatman paper 
exposed to dry air, moist air, and in glazed 
frar . ■ ■ ’y were totally unfavourable 

to . , . . , i yellow, Vandyke browm, 

crimson lake and vermilion ; but it was proved 
that Prussian blue, indigo, sepia and other pig- 
ments liable to change in damj) air, may ho 
regardefl as tolerably stable if so framed as to 
bo kept dry. 

As the outcome of many experiments of his 
own and a consideration of the results obtained 
by other observers. Church coucludcd that, for 
oil-painting, the following pigments are truly 
permanent : — 


Flake white 
Zinc white 
Baryta white 
Yellow ochre 
Ra-w sienna 
Naples yellow 
Cadmium yellow 
Cadmium orange 
lied ochre 
Venetian rod 
Light red 
Indian rod 


Vermilion 
Cobalt violet 
Mangane.se violet 
Emerald oxide of 
chromium 
Green oxide of 
chromium 
Green ultra- 
marine 
Cobalt green 
Ultra- i natural 
marine ( artifleia 


Cobalt 
Oooruleum 
Burnt sienna 
Raw and burnt 
umher 

Verona brown 
Cappagh brown 
Prussian T)rown 
Ivory black 
Charcoal black 
Lamp black 
Graphite 


Generally alloirable, though liable to some 
alteration in sj)ecial circumstances, are — 


Baryta yellow 
Strontia yellow 
Chrome yellow 
Auroolin 
Indian yellow 
Rose madder 
Purple madder 
llnhons’ madder 


Miadder red 
,, carmine 
Mans violet 
Emerald green 
Madder green 
Ihalachlto green 
Torre verto 
Smalt 


Prussian blue 
Antwerp „ 
Madder brown 
Vandyke brown 
(earthy) 
Cologne earth 
Bitumen 


And the pigments named below, in Cihurch’s 
opinion, .sliould not be used in artisffc painting — 


Yollow' madder 
Brown pink 
Yellow lake 
Caml)oge 
King’s yellow 
Zinc chromate 
Carmine and 
burnt carmine 


Crimson lake 
Indian lake 
Purple „ 
Scarlet 

Violet carmine 
Sap green 
Verdigris 


Green vermilion, 
etc. 

Indigo 

Blue vorditer 
Blue ochre 
Vandyke brown 
(bituminous) 


For Avator-colour and tempera painting, 
flake white, pale cadmium, true Naples ycllov", 
chrome yellow, artificial vermilion, malachite 
green, m'adihu’ brown, bistro, and sepia, mu.st 
be. added to thi.s last li.st as being quite un- 
tni.stworthy. Otlmr i)igmenis, in addition to 
the foregoing, are utusuitable for fresco work 
and stereoehromy a.rj. the Prussian blues, 
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Antwerp blue, all the chromates and the madder 
colours. 

The jpigmonts regarded bj’’ Decaux as quite 
unchangeable in oils are : zinc white, flake 
white, yellow ochre, Naples yellow, deep cad- 
mium, raw sienna, red ochre. Mars red, 
Venetian red, burnt Italian earth, green oxide 
of chromium, terre verte, green ultramarine, 
artificial ultramarine, cobalt blue, and ivory 
black. 

With reference to the action of foul gases, it 
may be stated generally that the lead and copper 
pigments are especially sensitive to sulphuretted 
hydrogen ; the chromates of zinc and barium 
are liable to turn green in the presence of sul- 
phur dioxide ; ammoniacal vapours wiU in- 
juriously affect the copper greens and Prussian 
blues ; acid fumes may injure ultramarine, and 
reducing or oxidising gases attack indigo. 

Certain pigments should not be used in con- 
junction : thus, aureolm and indigo, aureolin 
and cochineal lakes, cadmium yellow and 
emerald green, vermilion and malachite, white 
lead and lithopone, and chrome yellow and 
lithopone, are examples of mixtures, the eom- 
ponents of which may mutually react when 
intimately mixed. In an oil medium, there is 
less likelihood of such injurious interaction than 
with water-colour pigments, but it may be 
affirmed that it is in general wiser to mix pig- 
ments on the palette than to grind them 
together. E. G. C. 

PILOCARPENE, PILOCARPIDINE, PILO- 
CARPINE V , Jabobandi. 

PILOLITE V . Asbestos. 

PIMARIC ACID V . Resins. 


PIMELIO ACID 0,Hia04. Twenty-five iso- 
meric acids having this formula have been pre- 
pared, and of these three are known as pirnclic 
acid. 

Norm.al pimelic acid C0,H[CH„]5C02H, 
obtained by the oxidation of fats (Bouveault, 
Bull. Soc. chim. 1898 [iii.] 19, 562), and of castor 
oil (Gantter and Hell, Ber. 1884, 2213) ; pre- 
pared by the oxidation of suberone (u. suberic 
acid) with nitric acid (Schorlemmer and Dale, 
Annalen, 199, 147),- by heating pentane- 
tetracarhoxylie acid at 200°-220“ (Perkin and 
Prentice, Chem. Soc. Trans. 1891, 82.5)- by 
treating ae-dichloro-, dibromo-, or efl-iodopentane 
with potassium cyanide and hydrolysing the 
nitrile thus formed (Braun, Ber. 1904, 3588; 
Hamonet, Gompt. rend. 1904, 139, 69) ; by the 
interaction of the sodium compound of ethvl- 
cyanacetate and triraethylene dibromide (Car- 
penter and Perldn, Chein. Soc. Trans. 1899, 
924) by the interaotior ■ ■’ !"■ . cyanogen 
bromide, and phosphor ■ ■ . ■ ■ ' (Braun, 

Chem. Zentr. 1909, ii. ‘ . . iction of 

sodium in amyl alcohol on salicylic acid (Einhorn 
and Wilstatter, Ber. 1894, 33 ; Einhorn and 
Lurasden, Annalen, 286, 260; Walker and 
Lumsden, Chem. Soc. Trans. 1901, 1198); by 
the reduction of furonic acid with hydriodic 
acid and red phosphorus (Baever, Ber. 1877, 
1358) ; by the reduction of piperylene dicar- 
sodium in alkaline solution 
(Willstatter, Ber. 1898, 1550) ; by the inter- 
action of ^irimethylene bromide .and malonic ester 
and heating the product thus formed (Perldn, 
1884, 3289). Crystallises in needles from 
benzene and plates from water ; m.p. 105°. 


By heating the acid with lime, ryrZohexauoue 
is produced. Substituted alkyl pirnclic acids 
are produced by the reduction of sub-stitifUed o- 
phenol carboxylic acids (Einhorn, Annalen, 295, 
173 ; Chem. ‘Zentr. 1897, i. 1000 ; I). It. P 
90656). 

p-pimelic acid is identical wth nonml 
pimelic acid. 

Pimelic acid, iso-Propylsuccinic acid — 
(0H3)2CH-CH(c62H)-CH2C02n, 
prepared by fusing d-camphoric acid with causti(j 
alkali (Hlasiwetz and Grabowski, Annalen, 145, 
207; Mabla and Tiemann, Ber. 1805, 2152; 
(iossley and Perldn, Chem. Soo. Trans. 1898, 
22) ; by the action of nitric acid on fl-wopropyl- 
5-ketohexoic acid (Crossley, Chem. Soc. Trans. 
1902, 676) ; by the action of potassium per- 

' ■ tetrahydrocarvono in alkaline 

■ . and Ochler, Ber. 189(i, 30) ; 
by treating amyleno bromide with potassium 
cyanide and hydrolysing the rc.sulting nitrile 
(Auwers and Mayer, Annalen, 298, 150 and 177) ; 
by similarly treating wocaprolactono (Blaises, 
Gompt. rend. 124, 90) ; by the reduction of 
teraconic acid, dimethyl-4-citraconic acid, or 
-mesaconic acid :vith .sodium amalgam (Fittig 
and Krafft, Annalen, 304, 206) ; by treating 
isothujone with potassium permanganate and 
sodium hypobromite (Wallach, Ber, 1897, 42.3). 
M.p. 116°-117° (Bentley, Perldn, and Thorpe, 
phem, Soc. Trans. 1 896, 274) ; readily soluble 
in _ chlproform, benzene, and warm W'ater. 
Oxidation with potassium dichroiriate and 
sulphuric acid converts it into terebio acid, 

; ^7HtoOi (Lawrence, Chem. Soc. Trans. 1809, 

yPimelic acid, l3-methyladipic acid — 
C02H-CH2-0FoyCH(CH3)-CHo-a02ll. 

I’his acid contains an asymmetric carbon atom, 
and hence exists in two stereoisomeric forms. 

d-Acid, prepared by the oxidation of oitro- 
nellal or citronellic acid (Tiemann and Schmidt, 
Ber. 1896, 908 ; Semmler, ihid. 1893, 2257), 
of isopuhgol (T. and S., il>ul 1897, 25), of 
pulegone (Semmler, ibid. 1892, 3516), or of 
menthone (Manasse and Rupo, ibid. 1894, 908). 
Can be obtained from menthol (Beckmann and 
Mehiiander, Annalen, 289, 378). Melt.s at; 
93°-94-6° (Wagner, Bor. 1894, 1642), at 84-5° 
(Semmler, t.c.). 

I- Acid, prepared by the oxidation of heitro- 
nellal (T. & 8. Ber. 1896, 923), m.p. 84*5°. 

IricKtive acid. Prepared by the oxidation of 
i- citronellal (T. & S. ihid. ]89(), 92.5) or from 
equal quantities of the d- and I- acirls : m.t). 
93°-94°. ' 

isoPim.ehc acid, m-methylcthyhuccinic acid 
CH, -0(02113)00311 

(tua-COaH 

prepared from amylene bromide and potassium 
cyanide (Ilell, Ber. 189), 1390; Bauer and 
Schuler, J. 1878, 733), or from the mixture of 
trioarboxylic acid esters (b.p. 13,5°- 160° at 
0-15 mm.), obtained by treating ethyl a-brtimo- 
methylethyl acetate with sndiumalonie ester in 
xylene solution (Auwers and Fritzweilor, Anna- 
1<^^298, 166; 292, 1,54, and 182): m.p. I03°- 

PIMENTHOL V . CAMPnous. 
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PIMENTO. Pimento or Alls])ic(i is the 
■■ ■■ ■■ ■ but unri])C. fruit of Pimenla 

The plant is indigcnons to the West Turlies 
and- is largely cultivated in Jamaica, Mduincc 
our supplies are derived. The globular berries, 
dark iiurple when fresh, brown when dry, are 
from 5 to 8 mm. iu diameter, d'hoy are enclosed 
in a two- but sometimes one- or threo-celled 
fruit. They arc gathered when of full size but 
still not quite ripe, and dried in the sun. 

The characteristic flavour is due to an 
aromatic, pungent, volatile oil, resembling in 
smell that of clnviis ; other important con- 
stituents being a fixed oil, tannin, resin, and 
much starch.' Eull analyses by Richardson 
(U. S. Dept, of Agric., Div. of Chora. Bull. 13, 
221) yielded the following results; — 


Water .... 

Whole 

6-19 

Ground 
Max. Min. 

8-82 7-71 

Ash .... 

4-01 

7-. 73 

3-45 

Volatile oil . 

.7-17 

3-32 

2-07 

Fixed oil 

G-17 

6-92 

3-77 

Fibre .... 

14-83 

18-98 

13-47 

Protoid .... 

4-38 

7-42 

4-03 

Nitrogen 

0-70 

0-87 

0-64 

Quorcitannic acid (‘ tuuiiiu 
equivalent’) 

10-97 

12-74 

8-27 


Uses. Pimento finds its chief use as a condi- 
ment, but it is officinal in tlio British Pharma- 
copoeia together with an aqna and the essential 
oil. Its therapeutic action is that of an aromatic 
stimulant and carminative. 

Adulteration. Comparatively little is sold 
iir the ground state in this country, .so that 
jnraento i.s rarely if over adulterated here. 
Very few samples, however, aisj (.‘xamined 
under the Sale of Food and Drugs Acts. T'he 
u.sual spice adulterants may be looked for, 
namely, added starches, ground olive stones, 
and the shells of coconut and almond, <&c. 

Analysis. .■.'■rp;.'’.-'.! ■-‘xamination will 

suffice to deteci eii iiim:y adulterants of 
vegetable origin. The most charact(;ristic struc- 
tures to be observed are minute starch grains, 
usually about 8^ in diameter and not (ixceed- 
ing 12g, with a distinct hilum, often joined in 
pair.s or triplets, or larger aggregates ; nunxirous 
colourless stone cells, smhe very large ; and 
pigment cells containing irregular port wine or 
amber-coloured masses of resin or gum. 

The most useful determinations are ash, 
tannin, and fixed ether extract, Unless aduK.era- 
tion is disco veretl by the microscope, anything 
further is seddom required. Should olive stones 
or )mtm(‘g be su.sjxaded of being piuscnt, their 
special characters are given \uKler IhowERV/.t;.). 

The direct determination of tannin is neither 
easy nor satisfactory- but very fair results may 
be obtained by calculating the quereiiannic j 
acid from the proporti<.in of oxygen afjsorbed j 
from potassium permauganate. | 

The proeesH, due to Richardson (U. S. Dept, j 
of Agric., Div. of Chem. 13, ]t»7), is as follows : ! 
Boil 2 grins, of the sample, after thoroughly } 
extracting with rdlier, witli 300 c.e. of water ! 
for 2 hours, eool, maki; ufi to .POO c.c. with water - 
and filter. Mix 2,7 e.e. of the filtrate with j 
7.70 e.e. of water, add 27 c.c. of indigo solution ; 
(made by dissolving (i grins, of potassium suI- j 
])hindigotate in hot water, cooling, adding | 


50 c.e. of sulphuric acid (couc.) and making' up 
to 1 litre). Then t.itrate wdth the perman- 
ganate solution (b333 grras. per litre) until the 
liquid becomes of a bright yellow colour. Note 
the number of c.c. used. Ascertain the equivalent 
of the permanganate in terms of N/10 oxalic 
acid and calculate the number of c.c. of the 
former used in oxidising the pimento solution. 
Convert this into it.s onni valent number of c.c. 
of oxalic acid. Each c.c. of the oxalic acid 
=0'0f)23 grm. of quorcitannic acid. 

Th(i following table will afford some idea of 
the figures yielded by genuine samples, but 
comparatively few analyses of authentic speci- 
mens are on record. 

Analyses by Winton, Ogden and Mitchell, 
Ann. Ro.p. Connect. Agricult. Station, 1898, 
p. 204. 

Max. Min, Average 
Moisture . . . 10-14 9-45 9-78 

Ash .... 4-76 4-15 4-47 

„ soluble iu water . 2-09 2-29 2-47 

„ insol. HCl . . 0-06 0-00 0-03 

Ether extract, volatile . .7-21 3-38 4'0i> 

„ „ fixed . 7-72 4-35 .7-84 

Alcohol extract . . 14-27 7-39 11-79 

Starch (diastase method) . 3-70 1-82 3-04 

Fibre .... 23-98 20-46 22-39 

N 1-02 0-83 0-92 

Quorcitannic acid . . 12-48 8-00 9-71 

Standards. The United States standard for 

1 Allspice provides that the quercitannic acid 

shall not be loss than 8 p.c., the ash nob more 
than G p.c., the ash insoluble iu HCl not more 
than 0-7 p.o. and the fibre (which should ho 
fletermincd as in pepper) (a.v.) not more than 
27 p.c. 0. H. a 

PIMENTO OIL V. Oils, Essential. 

PINACHROMY and PINATYPE. Processes 
of colour photography de vised by E. Koenig (v. 
J. Soo. Chem. Inch 190G, G57). 

PINCHBECK. An alloy of zinc and copper 
brought into notice by CIhristopher Pinchbeck 
in the latter part of last century It was for- 
merly much employed in the making of watch- 
cases, and other small ornamental articles in 
imitation of gold. Its composition is variable, 
but irsually consists of 9 parts of copper to 1 
part zinc. 

PINE-APPLE, Tho fruit of Ananas saiivus 
(Bcluilt.) [Bromalia ananas} a tropical plant, 
grown largely in the ‘West' Indies, Singapore, 
Florida, tlio Bahamsm, Natal, and other hot coun- 
tries. Acicording to 'Munson aiirl Tolman ( J, Amor. 
Chem. See. .1903, 27, [iii.l 272), the average com- 
position (38 sampler) of fresh pino-ai)ples,_ 21 
from Florida, 10 from Cuba, 4 from Porto Pi,ico, 

2 from the .Bahamas, and 1 from Jamaica, is 

[*ro- Free acid Ji, winding Cane JiiHolublo 
Water tem (asFQSO^) sugar sugar Ash inattdr 
85-83 0-42 0-60 3-91 7-79 0-40 1-72 

In dilTerent sjjeeimens, tlic reducing .sugars 
varied from 1 -76 to 9-77 p.c. ; the cane sugar 
from 3-0 to 10-5 p.c. According to Limlct 
(Bull. Soe. eliim. 1884, 40, 65), pine - .apples 
eoutain 1 or more of; mannitol. Pino* 

a]>j)le juice is said to contain an enzyme, bromelin, 
whieli resembles ]K‘psiri and emn digest aHimisand 
times its weight of proteid.s in a few hours. It 
can be preeijiitated from tho juice by the addi- 
tion of common salt, and can operate in acid. 
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neutral or alkaline media (J. Eranldin Inst. 
1902, 154, [iv.] 262). The leaves of the plant 
furnish a fibre which can be used for the manufac- 
ture of rope, being stronger than flax. It is also 
used in the PMlippines for the preparation of 
a cloth (Board of Trade Journal, Deo. 1898, 671 ; 
also Bull. Imp. Inst. 1904, 2, 168). Pine-apples 
are often canned, being preserved in their own 
saccharine juice, with or without the addition 
of sugar. Analyses of commercial samples by 
Munson and Tolman (l.c.) gave the following 
average figures : — 

Ilecluc- 

Pro- Pree ing Cane Iinol. 

Water tein acid sugar sugar Asli mat. 

I. Singapore 8C-7S 0-46 0-42 8'00 6-40 0-39 1-37 

II. .Singapore 81-83 O’ll 0-32 11-63 5-14 0-40 1-44 

III. Singapore 

and Straits 78-97 0-46 0’26 9-91 7’77 0-27 1-14 

IV. Bahamas 85-87 0-33 O'oO 7-96 2-78 0-38 1-39 

I. average of 10 samples known to be pre- 
served in their own juice ; II. preserved with 
addition of cane sugar ; III. and IV. commercial 
samples. III. apparently containing added sugar, 
IV. probably tvithout added sugar. 

The flavour of pine-apples can be imitated 
by a solution of ethyl butyrate in alcohol 
(Hofman, Annalen, SI, 87). H. 1. 

PINE-NEEDLE OIL v. Oils, Essenti a l. 

PINE OIL V. Oils, Essential. 

PINE RESIN V. Resins. 

PINUS SYLVESTRIS OIL v. Oils, Essen- 
tial. 

PIPE-CLAY V. Clat. 

PIPERAZINE {Ethijhne-imine ; DieJhylcne- 
dianiine), also known as Disp&rmine or Arthiti- 
dm ( 0 aIl 4 NH) 2 , was first obtained pure by 
Magsrt and Schmidt in 1890. 

Ammonia is allowed to act upon ethylene 
bromide or chloride when a mixture of bases 
is formed_ consisting of ethylene- and triethy- 
lene-diamine, diethylene- and tetraethylene- 
triaiuine and diethylene diamine. The last- 
named is separated from the other salts by 
treating the mixture with excess of sodium or 
potassium nitrite and heating to 60° -70° 
Dinitrosopiperazine, m.p. 154°, separates as a 
scaly cry,staliine mass readily soluble in hot water. 
The nitroso compound on being treated with 
concentrated acids or reducing agents -yields 

ammonia and saP- -• , f. ■ which 

the pure base is '■ : with 

alkalis. 

Piperazine and its salts are also manufactured 
by treating .■> - . - piperazine with 

40 p.c. aqucf . - ■ acid sulphite or 

sulphuric, or phosphoric 
acids. The mixture is heated to boiling, when 
a violent reaction takes place, and the dinitroso- 
compound dissolves to a yellow liquid. When 
the reaction is _over, the product is acidified 
with hydrocliloric acid and the amino-phenol- 
OTlpnonic acid which separates is filtered ofi. 
The filtrate is now made alkaline and the 
piperazine is distilled off with steam. It is 
purified by conversion into its hvdrocliloride 
and piperazine is isolated by fhe decomposi- 
tion of the latter (Eng. Pat. 5320, 1497 • J Roe 
Chem. Ind, 1893, 463 ; iUd. 1894, 275). ft f 
also obtained by the reduction of ethylene 
^ sodium (D. R. P 

bb461);_ by heating disiilphone piperazides with 
sulphuric acid at 200° -250° and' subsequently 


treating the product so obtained witli powdered 
sodium hydroxide (Eng. Pat. 7120; Roc. 
Chem. Ind. 1893, 545; D. R. P. 100232); liy 
the decomposition of dibenzyl-piperazine with 
dilute sulphuric acid at 100° (D. R. P. 98031 ; 
Chem. Zontr. 1S9S, ii. 743); by beating sodiiin! 
ethylene glycollate with acid derivatives of 
ethylene diaminos at 250°- 350° (1). R. P. 
67811), and by heating a- or clinajihthyl 
piperazine with acids or . with solutions of 
calcium or zinc cliloride (D. R. P. 79121). For 
other methods of preparing [liporazine, coni])are 
D. R. PP. 733.54, 70055 ; 70056; 73125 ; 74(528 ; 
60547; 63618; 65347; 71576 ; 77351 ; 83524; 
59222. 

Projjerties. Piperazine forms lustrous glassy 
tablets, _ m.p. 104°; b.p. 140°~145° ; readily 
soluble in water but less so in alcoliol. It is 
very hygroscopic, forming ' ' . 

OiHiflNa.eHaO, m.p. 44°, b.p. . . , 

on distillation above 135°, yields the pure 
anhydrous base (Berthelot, Compt. rend. 

129, 687 ; sep also Magert and Schmidt, Chem. 
Soc. Proc. 1893, 35). 

Piperazine readily absorbs carbon dioxide, 
forming the compound C|;H,„Na02 (Rosdalsky, 
J. jir. Chem. 1896, [ii.] 53, 19). Piperazine is a 
strong base forming crystalline salts with acids of 
the type OiHmNa, 2A (Horz, Bor. 1897, 30, 1584). 

■ ■■ ■ m is precipitated by mercuric 

1 solution, coiiper sulpliate, 
picric acid, potassium bismuth iodide, and by 
gold and platinio clilorides. It also combines 
\yith bismuth chloride (Vanino and T-lartl, 
Arch. Pharra. 244, 216). In its chemical and 
physical properties it is very similar to spermine 
\nth which it Avas at one time thought to Ijo 
[ identical. Piperazine is readily oxidised by 
potassium permanganate in the cold ; it is non- 
poisonous and has no caustic action, and owing 
to the ease with which it forms a readily soluble 
urate, _ it is employed in gout and similar mani- 
festations of urio acid diathesis (Riescnlhal, 
Virchow’s Arcliiv. 137, 51 ; Ber. 1891, 24, 241 ; ‘ 
1897, 30, 1584). It is also used for the relief of 
irritation of the bladder duo to excess of urio 
acid in the urine. Piperazine can be idontififscl 
in urine by its characteristic lemon yellow 
picrate (Riesenthal, Chem. Zontr. 1893, ii. 624) 
or by adding a slight excess of caustic soda, 
heating tho_ solution, cooling, and filtering. 
Ihft hltrate is acidified with hydrochloric acirl 
and potassium, bismuth iodide is added when a 
brick red precipitate consisting of characteristic 
microscopic crystals separates. 

I*fp6razine is best preserved in a solution of 
29 parts alcohol and 80 parts v/atcr. Like 
piperidine, piperazine reacts with iaatin, forming 
mue adtoive compounds (Liebermann and 
Kraus, Ber. 1907, 40, 2492). It also forms 
additive compounds with quinols and iihenolH 
(Stevignon, Bull. Soc. chim. 1910, [iv.] 7, 922) 
and with aldehydes, carbon disulphide’ and 
carbonyl chloride (Herz, l.c.). 

Piperazine combines -with diioclo-, or di- 
bromo-pentane when they are heated together 
forming cliethylene dipiper- 
idyl halide (Braun, Ber. 1907, 40, 2935). 

ii-Dibroraopiperazine is obtained 'by the 
action of hypobromous acid on piperazine’ and 
treating the product with dilute alkali or 
piperazine. It forms yellow, transparent short 
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prisms wliich, without melting, arc dangerously 
explosive at 79°-80”. It readily oombiney with 
two mcdecules f ' ' acid to form a 

comparatively . jompound which 

explodes, at 72° without melting ((Jhattaway 
and Lewis, (Jhcm. Soc. Trans. 1905, 951). 
Periodides have been obtained by Linarix, J. 
Pharm. Glum. 1909, [vi.] 30, 241. 

a-2 : 5-Dimethyl piperazine, m.p. il8°-119°, 
b.p. 162°, is formed by the reduction of 2 -.5 di- 
. nieth; ' ■ . ■ ■ ■ of lactimido with sodium 

• and ■ : ' ■ Zeitsch. i>hy,siol. Ghom. 

34, 347) ; or it is isolated from commercial amyl 
alcohol by treating it with sodium (Bamberger 
and Elnhorn, Ber. iS97, 30, 226). It is allcaline, 

' readily soluble in water and in alcohol, and 

sublimes at ordinary ' ■ The 

compouhd has m.p. 114° ... , .^. . 

a-Dimethylpiperazine tartrate or Lycetol, 

, CjHj4N2*C4H802, m.p. 250°, is a white crystal- 
line powder having an acid reaction. It is 
readily soluble in water, i,s loss hygroscopic than 
piperazine, and its solution is more stable than 
that of the latter. It also has a more agreeable 
taste than piperazine itself. 

Piperazine benzoate, glistening plates, sub- 
liming at 120°, and the salicylate, line white 
needles .suldimiug at 160°, are formed by mixing 
alcoholic solutions of the base and acid. The 
former is alkaline and the latter neutral to 
helianthin but both arc acid tr) : 1 ’ I ' 1 ' 
(Astruo, Bull, iSoc. chiin. lOOG^ 

■ They can al.so ho formed by fusing the two 
substances together .and rc(;ryHtullising from 
the above solvent (Eng. Pat. 25905 ; J. Sue. 
Ohem. Ind. 1897, 933 ; Pharm. Zcjit. 43, 319). 

The tartarate and citrate (Eng. Pat. 26078; 
J. Soc. Ghem. Ind. 1898, 68) which are non- 
hygrosoopic and may be dried at a high tem- 
perature, and also the quinate (Eng. Pat. 11420; 
J. iSog. Ghein. Ind. 1899, 856) are produced 
similarly. IMpcrazino also f(nms acid salts 
with oxalic, tartaric and citric iicids winch yield 
xrseful neutral double salts with lithium (Eng. 
Pat. 18981 ; J. So(t. Ghom. Ind. 1896, 758). 

Piperazine mercuric citrate is formed by 
mixing togetlier piperazine and mercuric citrate 
in absolute alcohol. It crystallises in ‘white 
needles sintering at 110°, m.p. 137°, and forms 
a strongly allralino solution in wattsr. 

Piperazine mercuric acetate is formed simi- 
larly, is fairly soluble in water, darkens at 1 88° 
and has m.p. 198°. 

Both these salts, fis also the corresponding 
mei.ai:!' -■ ■ /•o. (rn.]). 144°-145°) -han- 

(!:i.;!. it.'T':- io.-i ; -.■■■tUcylaie. iin(X nil, rata iimX 

also the >:■ iT '. r.'.udin,'- 

nitmia (o..]i. i b 
125°), cyanide (m.p. J59°-Jfi0°), -succinaif: (m.j). 
108°-1]0°) and -salicylafr. (m.p. 128°-130°) 

have anti.scptic jwoperties and do not coagulate 
albumen. They can also bo prepared by 
treating the mereurio salt with the carbonate of 
the organic base (1). R. P. 125095, 1902). 

Piperazine theophylline is formed hy com- 
bining molecular jxroportions of its components 
or their salts. It has an alkaline reaction, is 
sparingly soluble in alcohol but rearlilv so in 
water ‘(i). R. PP. 214376, 217620, 224981 ; J. 
iSoo. Ohem. Ind. 1910, 11,34). 

Piperazine cinchonate or sidonal, 
G4Hh,N2(C,T1i20„)2, 


- ''' icihjljn2>erza{7ie mercuric 
;, •sul’phalc (m.p. 124°- 


m.p. ]08°-171°, is a colourless crystalline powder 
having an acid taste and reaction and is readily 
soluble in water (Pharm. Zoit. 45, 182). 

a-Piperazine anthraquinone, formed by the 
action of nitroanthraquiuonc on the base, 
sej)aratcs from methyl alcohol in orange-red 
crystals (D. R. PP. 136777, 136778, 1903). 

Nitrosopiperazine G4H8N2(NO)a formed by 
adding sodium nitrite to a solution of piperazine 
hydrocliloride and warming the mixture ; it 
orystallisea from water in yellowish lustrous 
plates, m.p. 158°, and gives the Liebermann 
reaction with phenol and sulphuric acid. 

Diphenyl piperazine, m.p. 163-6°, is formed 
by the action of ethylene bromide ou aniline, 
sufficient dry sodium carbonate or acetate being 
added to fix the hydrogen bromide produced. 
It combines with a number of diazo and diazo- 
sulixhonic compounds yielding yellow-red and 
violet dyes for cotton, wool, and silk (Bischoff, 
Ber. 1889, 22, 1777). 

Piperazine forms })hosphates and arsenates 
of the type 04Hi„N2,U3p04,H20 ; 

CJiioN2,2H3POi 

(Astruo and Bronta, Bull. Soc. cliim. 1908, [iv.] 
3, 963), and also glycero- jxhosijliatcs (Astruc, 
Gomixt. rend. 1905,' 140, 727). 

A largo number of other piperazine deriva- 
tives have been prepared (Ladonburg, Ber, 1891, 
24, 2400 ; BisehoiT and Nastvogel, ibid, 1889, 
22, 1783, 1792; Bisoholi and TraTiosonzjanz. 
ibid. 1892, 25, 2940 ; Wolll, ibid. 1893, 20, 721 • 
Horz, l.c. ; Stoehr, J. pr. Ghom. [ii.] 47, 439 ; 
ibid. 48, 191 ; Oazeiiouve and Moreau, Goinpt, 
rend. 1897, 125, 1182 ; ibid. 1898, 126, 1802; 
Rijn, Ghom. Zontr. 1808, i. 380 ; Knorr, Bor. 
1904, 37, 3507; ibid. 1905, .38, 3136 ; ibid. 
J90(i, 39, 1420; Astruo, Bull. Soc. chim. 1905, 
[iii.'j 33, 839 ; Borscho and Titsingh, Ber. 1907, 
40, 5008 ; Van Dorj), llec. trav. chim. 1909, 28, 
18; .EraucMmont, ibid. 1910, [ii.l 14, 296). 

Piperazines are the derivatives of the ring 

T'hoy are formed by the methods 

given above and also by the reductif)n of the 
■ ■■ ■ ■ vrazines with sodium and alco- 

. . . V strong (.'olourloHH bases, Bomt 

licpiid umi some crystalline ■ they fume slightlj 
in air and readily absorb carbon dioxide. Tht 
idporazinc.s form hydrates which are readilj 
soluble in alcoliol or cMoroform but Hparingl;^ 
.soluble in water. The poly-substituted pyi'azinef 
always give 2 isotnerio ixiperaziiies on reduction. 
The lower piperazines have higher lujiling' 
points than the corresponding pyruzinos whilsl 
for the higher compounds tluB relation h 
reversed (iStiilir, J. pr. Ghem., 1897, [ii.] 56 
49). 

PIPERIC ACID V. RESIK.S. 

PIPERIDIN V. Rksius. 

PIPERIDINE V. Bonk oil. 

PIPERIDINE GUIACOLATE r. Bone oil 

PIPERINE V. EkSINS; also VliONTO-ALKA' 
Loin.s. 

PIPERONAL (Ihdioirajiiue) methyleno-proto 
catechnic aldehyde, GII2O2 : G3ll;;-GH(), wai 
first obtained by Eithig and Mielk (Annalcu 
1869, 152, 35) by the oxidation of piperinic acid 
and its constitution was estahlishcd by Fitti( 
and Remscu (ibid. 1871, 169, 168), It is closeb 
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counectea with Til 

eluding piperme, amlunder the most varied conditions, l^ibahly 

P pSS iLinhm° o“ limitodES U.ecdoteatcd Pdchlala, i.. the Wand af 

riperonai irseii oeeuis ^ onnimiction Trinidad, and said to bo upwards ol thr(!(i nules 
in nature being genemUy found in conjunction . represents one of the most 

with vanilhn and othei ..: y ... . , , j deposits of natural bitumen Imown, 

itis found insmaU jiuan i^ ivithin tlie past forty years many 

also in certain vanihafim^ sources have been found in Cuba, 


or pompoua (GoUer, Chemist and Druggist, 
1907, 05, 13). It has not been proved whether 
the characteristic smell of the flowers of the 


Central and South America, California, Arkan- 
sas, Nicaragua, and Peru, in India, Palestine, 


me cnaracrerisiic smeu 17 B„ypt, Turkey, Italy, Prance, Germany, 

hehotrope_ variety, from which the commeieml ^1 , Hn-Tsiim. nrovince of Szu-Tehuan. 


name is derived, is actually due to this com- 
pound. Piperonal, although not used in the 
preparation of scents and essences, is employed 


Switzerland, Ho-Tsing, province of Szu-Tehuan, 
China, and Asiatic Russia. 

The origin of these deposits is involved in 
considerable obscurity; they appear' to have 


/X , from animal and vegetable remains. It has 

CHaX^~| I _ PTT.p-H argued that if the bitumen were the result 

: Orl-O 3 ^ purely chemical process, wo shoukl expect 

/\ to find a generic uniformity in the character ol 

Qjj^/ 0 — , [ the substance wherever found on the earth. 

^^0 — -CHO On the other hand, if petroleum is the result of 
and Verley have proposed to obtain metamorphiam, its genoratkm is co-exislen|. 
by the action of rao^ne on safroi or only with that of metainorphic actions. If we 
P, P 97620) accept this hypothesis, the generation of jadro- 

riles '"and rcactions.-Wxite crystals, leum must be considered d. :■■■■, ll; 

pEno“ ^ 

r >,'■■■ (Chem. Zeutr. 1910 i. formation has been brought about by 

2 reaction is much more complicated ; inorganic means. Bitumen is frequently^ met 
sphorus pentachioride there is formed 'wtii in places whore, from a goo ogical ])uiut, ol 
chloride CCI 3 O 3 : CeHa-CHO ; with view, its ooourronce can be exp laaitui m 
rililnrirlft the reaction nroceeds more assuming that it has accumulated within the 


Otto and Verley have proposed to obtain 
piperonal by the action of ozone on safroi or 
isosafrol (D. B. P. 97620). 

Properties and reactions . — ^White crystals, 
m.p. . 37 °, b.p. 263°, very slightly soluble in 
water, easily so in most organic solvents. W ith 
dilute hydrochloric acid, protooatechuic aldo- 
l.vih. r ovrbonissaidto be liberated. 

.\i r, f ■.■■■ ;;i. (Chem. Zeutr. 1910, i. 
1829), the reaction is much more complicated ; 
with phosphorus pentachioride there is formed 
piperonal chloride CClaOa : CgHa'CHO ; with 


sulphur chloride the reaction proceeds more assuming ^nau la nas aceumuia eu wiuim ua 
smSothly; with water this compound yields fissures in the same manner as that contaiii.Hl 

: : ----technic aldehyde, so that “ Bcparuted from pro- 

■ ■ method of preparation fi'storical tutaceous deposits by morganio 

from piperonal (Schimmel & Co., Df R. P. ^(loaus. Engler, “«";{'■ 

165727 ) ; with sodium amalgam there is formed «ificrable study to ^ the ■ Bcntheim ^ ^asphalt. 


piperonyl alcohol and two isomeric hydro- 
piperoins ; aniline condenses to form piperonal 
anilide ; ammonium sulphide forms dithio- 

'■ ■' : - sodium sulphite forms an addi- 

w . ..as also does trinitrobenzene. 
By condensation with a-bromopropionie ester, 
piperonal may be converted into an acid which 
loses carbon dioxide, forming fsosafrol (WaUach, 
Annalen, 1897, 357, 72). 

PISANGCERYLIC ACID CgsHg^COOH, m.p. 
71°, is obtained from Pisang wax. 

PISANG WAX V . Waxes. 

PISOLITE V . Aragonite. 

PISTACHIA LENTISCUS v. Sumach. 

PITCH. Various substances met with in 
■''■m when submitted to de- 
■ yield, in addition to fluid 
products, a residuum that on cooling assumes 
a more or less viscous or solid character ; and, 
furthermore, at various places on the earth’s 
surface extensive deposits are found consisting 
of black, resinous substances of similar appear- 
ance and properties. To the--: 
been assigned the terms of ‘p ■■■■' 
and ‘asphaltum.’ Each of these substances 
possesses distinctive features, and each in its 
place fulfils important requirements in the arts. 
Bitumen, asphaltum, mineral pitch. These 


furnishes the following partioulurs rc.speeiiiig 
it. It is insoluble in alcohol, ether, carbon 
disuliihide, oil of iuriieiitine, and similar sol- 
vents, but melts when strongly heated : sp.gr. 
1'092. It contains : 

1 . 11 . 

Carbon . . . 89-46 89-83 

Hydrogen . . 9-55 9-88 

Ash . . . 1-09 1-14 

Distillation yielded tKc following jiruducts : — 



J. 

II. 

Tar 

. 30-8 

38 

Coke . 

. 48-9 

48 

Gas and water 

. 14-3 

14 


The tar obtained by the distillation of tin- 
asphalt on a large scale was free from phenol 
and creosotic compounds, and the products of 


distillation were as follows : 

Jl.C. 

Burning oils . 

. 12-72 

Gas and lubricating oils . 

9-78 

Paraffln 

1-50 

Paraffin grease 

0-05 

Coke from retorts . 

. 40-09 

Coke from tar 

0-80 

Pitch .... 

i-52 

Loss, gas and water 

. 20-88 


100-00 


PITCH. 
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Egyptian asjjhalt contains : 

ft 

p.c. 

Carbon .... 

85-29 

Hydrogen .... 

8-24 

Oxygen .... 

6-22 

Nitrogen .... 

0-25 

The bitumen of Judea, found 

floating on 

Dead Sea, contains : 

Carbon .... 

p.c. 

77-84 

Hydrogen .... 

8-93 

Oxygen .... 

11-54 

Nitrogen .... 

1-70 

Sulphur is invariably present 

in natural 


and even 10 p.c. ; from Hxieh samples, hydrogen 
sulphide is always given off on heating. Asidial- 
tiims and bitumens vary considerably in charac- 
trr. C, 7'eiali;. . their appearance is that of 
.■'Uioo: ii, ■!.;■■(!, brittle, black, or brownish-black 
rosin, breaking with a distinct conchoidal 
fracture : the sp.gr. varies from 1 to 1-7 ; when 
free from mineral matter they may be even 
lighter than water. When distilled with water, 
asphaltum yields a volatile oil called by Poussin - 
j w” ■ " I 


which remains when the petrolene is comjjletely 
driven off, is a solid black substance resem- 
bling the original substance prior to distilla- 
tion, but which does not soften below under 
about 300®, and decomposes below its fusing 
point. 


Trinidad pitch yields, when heated — 

p.c. 

Volatile organic matter . . 70-75 

Non-volatile organic matter . 17-77 

Ash ..... 5-48 


100-00 

Natural bitumen is only partially soluble in 
alcohol, but more completely so in carbon di- 
sulphide, carbon tetrachloride, petroleum spirit, 
chloroform, oil of turpentine, coal-tar, benzene 
and naphthas ; the pyridine bases, also derived 
from coal-tar, scarcely act upon it. The 
portion, however, that passes into solution 
communicates a strong greenish fluorescence to 
the liquid, and when ■ . ’■ 

in the manner dose - ■ ■ ■ ■ .:le 

anthracenes for certa ' ' 's, 

26, 199: 31, 35, 45), two distinct absorption 
bands are visible near the D line of the spectrum, 
from yellow to green, which distinguishes it 
from all other pitches, coal-tar excepted, which 
occasionally shows bands, but invariably 
situated in the blue portion of the spectrum 
near the F and G lines. 

In petroleum spirit, 74-23 p.c. of its organic 
matter is soluble and 20-29 p.c. insoluble. 

At a temperature varying from 58° to 60° 
bitumen softens, and it melts at about 100°, 
although varieties are mot with that melt only 
at a much higher temperature. 

The following table of results obtained by 
A. E, Jordan and given in Allen’s Organic 
Analyses shows the difference between natural 
asphalts and artificial products. 


Material. 


j Asphalt (origin unknown) 
j 'rrinidad pitch 

I Ikdroleum pitch . 

I Hhalc oil pitch 
: Goal-tar pitch 
j Hone pitch (inferior) 



Organic matter, j 

A-ili. 




Volatile. 

Non- 
volatile. 1 

0-60 

80-79 

18-61 , 

5-48 

76-76 

17-77 

none 

50-43 

49-57 

: 0-25 j 

66-40 

33-35 

0-15 

1 49.33 

50.52 

j 0-33 

56-15 

43-52 


Action of petroleum spirit. 


Soluble. 

! 

Insoluble. 

Percentage of 
organic matter 
soluble. 

47-63 

51-77 

47-91 

74-23 

20-29 

78-53 

36-16 

63-84 

30-16 

63-62 

36-13 

68-77 

18.56 

81.29 

18-58 

29-96 

69-71 

30-05 


Boussiugault’s methods are not now used 
find the tcrm.s petrolene and ' ’ '■ by 

him have reccivfid another ■ . , . ,hat 

portion soluble in petroleu: ; . .or 

acetone being known as petrolene and the 
portion in.solublo in any of th(!,se liquids but 
di.MHxdvcfl by boiling turpemtine or cold chloro- 
form in.-ing known as as[)haltene. 

A'pplicaliorifJ of usphalimn. — The purer 
asphaltum.s are (mi])loy(al alrno.st exclusively 
for the manufacture of black varnishes and 
japans, for which pui'pf).so they are eminently 
adapted, yielding .surfaci^s and coatings of great 
brilliancy and not xirone to ‘ break uj) ’ or dis- 
integrate. Asphaltum selected for the purpo.se 
of the varnish maker should be practically free 
from mineral matter or within a limit of 5 p.c,, 
it .should be completely soluble in carbon di- 


sulphide, chloroform, high boiling coal-tar 
naphtha, and oil of turpentine (mineral matter 
excepted). It should break with a conchoidal 
fracture and brilliant lustre. It should not 
flow or lose shape, like wood tar and many of 
the fatty pitches, when left on a plane surface, 
and an angular fragment should retain its shape 
and the sharpness of its angles in boiling 
water. 

Asphalt rock. ^ • - often met 

associated with ■ . ■ or the two ' 

variously admixed ; in this condition the mineral 
is knoOTX as ‘ asphalt rock,’ and occurs in the 
upper Jurassic formation inter, strali/ied with 
ordinary limestone. n 

The following figures, by Durant Claye, 
show the proximate composition of .some rock 
asphalts employed for paving : — 
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Val (1e 
Travers 
Switzerland. 

Lobsann 

Alsace 

Seyssel 

Ain 

I’raiu'C 

Mau-st 11 
Sittin 

.Rfinisil 

Sicily 

Water and other matters volatilised 
at 100° C ' 

0-35 

3-40 

0-40 

0-40 

0-80 

Bituminous matter 

8-70 

11-90 

9-10 

8 -SO 

8-85 

Sulphur in organic combination or 
free state 

O-OS 

4-99 

— 

Irace 


Iron pyrites 

0-21 

4-4.4 

— 

— 

0-90 

Alumina and oxide of iron 

0-30 

1-25 

0-05 

4-35 

Maanesia ..... 

0-10 

0-16 

0-05 

3-85 

0"15 

Lime ....•• 

49-50 

38-90 

50-50 

5 -70 

49-00 

Carbon dioxide .... 

40 d 6 

31-92 

39-80 

8-1.5 

39-10 

Combined silica .... 

— 

— 

— 

11-35 

— 

Sand ...... 

0-60 

3-06 

0-10 

57-40 

0-00 


100-00 

100-00 

100-00 

100-00 

umm ; 

1 


Native calcareous asphalt exhibits a brouii 
or nearly black colour and breaks without 
evidence of cleavage. The fracture is earthy 
and granular, not unlike chocolate, both in 
appearance and colour. When long exposed 
to the air it loses this character and then re- 
sembles ordinary limestone : this change, 
however, only extends to the surface. 

The specific gravity of rock asphalt is about 
2'23. It is hard and may be broken with a 
hammer, but when warmed it may be softened 
to a kind of paste and at about 60° falls to powder. 

Good rock asph-’-'- - • ■ ; - in struc- 
ture and shows no , ned lime- 

stone. It is frequently veined, and contains 
large crystals of oalcite impregnated with 
bitumen ; this feature is considered an im- 
portant indication, bad specimens or low 
qualities shoving an absence of such imj^regna- 
tion, which renders them difficult to manipulate. 
Val de Travers, Seyssel, and other asphalt 

roclis, w'hen - ■ ^ 

with definite ^ ^ , 

such as Trinida*d pitch. The product of this 
mixture is teclmically known as ‘ mastic,’ and 
in using it further additions of bitumen, shale 
oil, and grit are frequently made. 

The following analysis by Durant Claye will 
convey a general idea of these compositions : 

Eefined Imitation 
bitumen asphalt 
from made from 
i Bastennes coal-tar 

Moisture .... 0-30 0-60 

Bituminous matters soluble in 
carbon disulphide . . 69-35 20-65 

Organic matter insoluble in 
carbon disulphide . . 4-40 18-45 

Alumina and oxide of iron . , 2-85 2-66 

Magnesium and calcium carbon- 

„ ates 2-65 39-60 

Suica 20-35 18-06 


100-00 100-00 

For determining the actual bituminous 
matter in asphaltic roclcs, natural and other- 
wise, th« air-dried sample is exhausted with 
suitable solvents, which may consist of carbon 
disulphide, Russian oil of turpentine or coal-tar 
benzene. The operation ma)' be conducted in 


a Soxhlet’a tube, and if a correction b(! made for 
the moisture expelled at 100° the l().s.s of w'cight 
furni ’ ” : of bitumen removed. 

The ■ ■ bo further chcekeil by 

distilling off the solvent and weighing the 
residue, observing the usual ])reeauti()n of 
drying at 100° until constant. Tlie 'bitumen 
thus obtained should be heated furf luT io 220°, 
when, if the sample is good, there* will be little 
or no further loss of weight ; if, however, 
volatile oils or petroleum be present, the loss 
may be considerable. 

The volatile oil is best determined liy n*- 
peatedly digesting the powdered sample ‘wifli 
cold alcohol and weighing tlio residue ; the 
exhaustion may he considered as eumphite 
when a portion of the alcoliolic ■washing show's 
no turbidity on dilution with water. 

If the residue left after exhaustion exhiliits 
a dark colour, other organio constituents of 
valueless nature are present, 'Their proportion 
may be ascertained by igniting the -weighed 
re.sidue left after the removal of the bitmtien, 
re-carbonating it wdth ammonium carbonate, 
again gently igniting it and rci-weighing. T’he 
loss of weight represents the quantity of non- 
bituminous matter present. 

Val do Travers asphalt gives up tin* whole 
of its organic matter to petroleum spirit, im- 
parting a deep bro-wn colour to the Ituid, per- 
fectly free from fluorescence, whereas the 
soluble portion of coal-tar pitch does nol; (txc(*(*d 
20 or 26 p.c., yielding a .solution exhibiting a 
deep greenish fluorescence, a characteristic* of 
this pitch in any of its solvents and w'hich 
renders its detection alone or in admixture a 
matter of no great difficulty {v. infra). 








Artificial pitches. Coal-tar ])itch may 
loolmd upon as occupying the most promine, 
position in the series, both as regards t 
magnitude ,ad its eorr 

„ ' 1 ' ■ purposes 

artihcial fuel, asphalts and varnishes. 

_ Some idea of the extent to which this residi 
is_ produced in the United Kingdom, togoth 
with the industry springing out of it, may I 
gathered from the statement that according ' 
the last census of production tho total output - 
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tar for 'the United Kingdom Wcas 846,000 tons,] 
representing according to the same authority 
047,000 tons of pitch, by far the larger jwopor- 
tion of which is consumed in the manufacture 
of patent fuel. 

Coal-tar pitch is the residue remaining in 
the stills after separation of the various fractions 
known as naphthas, light oils, carbolic, creosote 
and anthracene oils, and amounts to about two- 
thirds of the weight of the tar operated upon. 
Its physical character is mainly dei^endent 
upon the temperature employed in distillation ; 
but its ultimate chomi'“l jg more 


or less governed by the . .. ■ mposition 

of the coal distilled, i ■■ ■ 3r ‘ soft ’ 

or ‘ hard ’ or ‘ medium ’ ; it may bo either 
‘ normal,’ as a product resulting from the simple 
distillation of' tar, or' it may be otherwise, as 
when mixed with green or other tar oils before 
running frOm the stills. The selection of tar 
distillates to be used in thus thinning doira a 
pitch carried to a full limit of distillation is 
important, as it has been found that when 
creosote or naphthalene is employed, a pitch 
is obtained lacking in binding or cementing 
power, and blocks or briquettes made from it 
are liable to crumble. This defect is only 
obviated by the use of the heavier distillates, 
such as green oils which arc of a more viscid 
and adhesive character. 

When pitch is passed throixgh a red-hot tube 
it yields about 250 times its bulk of gases, 
chiefly hydrogen. 

Pitch may' bo utilised by burning it into 
lamp-black, and, according to Thenius, COO 
kilos, of pitch yield 200 kilos, of varying de- 
scriptions of lamp-black and 200 kilos, of coked 
residue. 

Referring more generally to the several 
results that may bo- obtained by varying the 
fractions during the distillation of coal-tar, it 
may be stated that if the operation be termi- 
nated at the point at which the light oils only 
aro driven off, the residue in the still, repre- 
senting about 80 p.c. of the charge, may be used 
for the preparation of asphalts, under the 
name of ‘ refined ’ or ‘ prepared ’ tar, although 
it is very doubtful wlnither material of this 
character is to bo met with in the inosent day. 
If about 10 p.c. more is run off, the rcsiduo is 
soft pitch ; moderately hard and hard pitch 


follow, the latter when the distillation is carried 
on as far as practicable in wrought-iron stills. 
The ‘ asphalt prepared ’ or ‘ relined tar ’ thus 
obtained by simply distilling off the naphthas 
and light oils, invariably contained all the con- 
stituents of the distillate that would follow if 
carried to its limit and collected apart, i.e. 
creosote oils, phenols, naphthalene, anthracene 
and higher boiling-point substances. Coal-tar 
pitch in its normal condition and as originally 
obtained, is a bright, black, lustrous substance, 
breaking with a well-marked conchoiclal frac- 
ture ; but as now met with it presents a more 
or less dull or greyish tint, duo to the altered 
condition under which it is obtained. These 
are, firstly, distillation, in which steam, either 
superheated or otherwise, is injected into the 
still during the operation, and by which it can 
bo pushed to a greater limit and more complete 
extraction of anthracene, without endangering 
the still; and, secondly, the admixture of the 
residual pitch with ‘ green ’ or other oils, in 
order to bring it to a consistency at which it 
may be run off with facility and yield a product 
that shall represent ‘ soft ’ ‘ medium,’ or ‘ hard ’ 
pitch at will. 

The proximate composition of coal-tar pitch 
is by no means well understood. It invariably 
contains some of the higher boiling hydro- 
carbons of coal-tar, notably anthracene, phenan- 
throno, pyrene, chrysene, together with bitumen 
and free carbon. The ultimate percentage 
composition of coal-tar is given by Habets as : 



p.c. 

Carbon 

. 76*32 

Hydrogen 

8*19 

Oxygen 

. 16-OG 

Asff . . • . 

0*43 


100-00 


Small proportions of sulphur and nitrogen 
are also present, the former to the extent of 
0'4-0-7 p.c. Treabi; -.-ly with cold 

benzene, carbon (ii.-'.iiimie-:-. i-oiiii.L' benzene, 
and boiling alcohol, 23*54 p.c. 

of a black powder resembling anthracite and 
containing 91-92 p.c. of carbon, 3*1 ixc. of 
hydrogen, and 0*4-U*9 p.c. of ash. 

Donalih and Asriel (Chem. Zentr. 1903 i. 
1099) give the following figures : — 


— 

0 

H 

N 

Soft pitch 

91*80 

4*62 

■ ? 

Medium pitch . 

94*32 

3*98 

0*148 

Hard pitch 

93*16 

4*36 

1 


The extractions with iKjnzene and carbon di- 
sulphide followed in rotation. 

The specific gravity of hard pitch varies 
from 1*475 to 1*300. it is wholly insoluble in 
water but partially soluble in alcohol tind more 
so in benzene or, carbon disulphide. Cold 
petroleum spirit exerts but little solvent action 
upon it, but when heated it dissolves it to the 
extent of 18 to 23 p.c. The pyridine bases also 
clis.solve the soluble organic matter from j)itch, 
VOL. IV.— y. 


S 

Extract witli 

Eosidiie 

Petroleum 

spirit 

Benzene 

eSa 

? 

25-05 

44*98 

6*67 

22*82 

0*77 

15*14 

40*03 

7*10 

38-16 

? 

16*61 

39*46 

6*21 

29*39 


but somewhat tardily, and only with the 
assistance of heat. 

Solutions of coal-tar pitch exhibit a deoi) 
yellow or ; ■ ” ■ ' Is- ■ f orescence, which is 
highly oha i' ■ substance. When 

heated it exhales an odour equally charac- 
teristic and not easily mistaken for arij^ other 

kmnvn pitch. The i-'''-” volatile 

organic matter given i .■ ■ i , ranges 

from 46 to 64 p.c. 

u 
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A benzene solution of coal-tar pitch when 704) ; Mabory and Sieplein (J, Amer. Chem. 
esamined ~^ows a cutting out Soc. 1901, 20, 10) ; ICi-aeiner and SarnowilChem. 


of the blu( . ■ ^ ■ of the spectrum, 

with occasional absorption bauds between the 
P and G lines. 

Testing of ■pitch. Por the requirements of 
commerce, pitch has to be tested for its ‘ soften- 
ing’ and ‘ melting ’ point, and contract notes 
stipulate that a sample is to ‘ twist ’ fairly 
after immersion for two minutes in water at 
60® but not under 50®, must contain at least 
59 p.c. of ‘ volatile organic matter,’ and must 
be free from any extraneous matter such as 
grit or sand. 

The twisting and melting-point of pitch are 
ascertained by methods of comparative sim- 
plicity, only varying in trifling points and 
details. -Probably the simplest and most 
readily followed is that of P. G. Holmes and 
is conducted in the following manner : 

Several pieces of pitch are selected from 
different parts of the sample and cut to the size 
of half-inch cubes. These cubes are then 
supported on metal wires by heating the ends 
of the wires and pressing them into the pieces 
of pitch, which are then suspended in a vessel 
containing about 600 c.c, of water heated by 
any convenient means, at a uniform rate of 6® 
per minute, as indicated by a thermometer 
immersed in the water with the bulb about 
two inches from the bottom of the vessel. 

The cubes are suspended on a level with the 
bulb of the thermometer. As the temperature 
rises the pieces of pitch are removed from time 
to time and twisted or squeezed with the fingers 
and the temperature noted at which they assume 
the following conditions : 

(1) Readily twisting or soft, i.e. when the 
pitch can be easily twisted round several 
times. 

(2) Very soft, i.e. when it yields to a very 
light pressure of the finger. 

(3) Pused, i.e. when the pitch melts off the 
wire. 

Soft pitch softens at 40® and melts at about 
60®. 

Moderately hard pitch softens at 60° and 
melts at about 80®. 

Hard pitch softens at 80° and melts at about 
120 °. 

The estimation of the volatile matter is 
conducted in the same way as in the case of 
coal and other bituminous substances, viz. by 
heating about 1 gram of the pitch to be ex- 
amined in a platinum crucible of IJ- to If inches 
height with the cover on, which should have a 
small aperture in the centre. The heat is applied 
by means of a good Bunsen bunier, first gently 
until no more smoke and vapour issue from the 
opening in the lid, finally as strongly as the 
burner will permit. The operation may last 
20 minutes. The crucible is then placed in a 
desiccator and, after cooling, the residual coke is 
weighed ; it ranges from 36 to 63 p.c. Pixed 
carbon and coke dust may be determined by 
successively exhausting with benzene, carbon 
disulphide, and alcohol, employing a Soxhlet 
tube for the extraction, 

Mfethods for testing the softening point of 
pitch have been described by Muck (Z. f. Berg. 
Hutten u, Sahnenwesen, 1889) ; Schewk zu 
Schweinsberg (Zeitsch. angew. Chem. 1890, 


Ind. 1903, 55). 

The suitability of a pitch for the purpose of 
artificial fuel may be ascertained by carefully 
distilling a given quantity of the sample in a 
glass retort and noting the character of the 
distillates ; when creosote or naphthalene have 
been used in thinning or diluting before running 
from the still they are accompanied with a 
considerable sublimate of naphthalene passing 
over at a comparatively low temperature ; green 
oils do not yield naphthalene in this manner 
or sublimates that may be mistaken for it. 

J. E. Mills (Bulletin 343, U. S. Geological 
Survey), gives the folloAving tests employed at 
the U, S, Government fuel testing works, St. 
Louis, for the testing of briquette pitch. 

1. The material is distilled ; all coming 
over below 270° is rejected as valueless. 2. The 
flowing point is determined by placing about 
3 c.c. of pitch in the bottom of a test tube 
f-inch in diameter and inserting it in a bath. 
The temperature of the bath is raised until, on 
taking out the tube and inverting it, the pitch 
flows 1 inch down the tube in 16 seconds. This 
point should be not less than 70°. 3. The pitch 
is extracted with CS„. The smaller the amount 
of residual carbon the more satisfactory the 
pitch. The higher the flowing point the better 
the briquettes stand in the fire. 

Applications and uses of coal-tar pitch. 
Coal-tar pitch is extensively used in the manu- 
facture of patent or artificial fuel, varnishes, 
japans, and asphalts, the trade in the first- 
named product having assumed enormous pro- 
portions. Fuel of this description consists of 
admixtures of coal-tar pitch with small coal or 
slack, compressed into the form of bloclcs and 
known under the name of 'briquettes.’ This 
industry would seem to be due to Forrand and 
Marsais who, in 1832, obtained a French patent 
for using coal-tar for this purpose. 

Marsais, since 1842, employed soft pitch, 
and in that year commenced the works at 
Berardy, near Saint Etienne. Hard pitch was 
used in 1843 in England by Wylam, and since 
1854 in France. The manufactured fuel was 
sold in that country under the name of ‘ peras.’ 
The manufacture of patent fuel has opened up 
wide channels for the consumption not only 
of the immense quantities of ‘ slack ’ obtained 
wherever mining operations^ for coal arc carried 
on, but for the almost equally large bulk of 
pitch resulting from the operations of the tar 
distiller. 

This industry has developed considerably 
as the following figures for the output in tho 
year 1 909, taken from tho Government reports, 
show : — 

Production of Briquettes in 1909. 

Austro Hungary . 117,599 metric tons 

Belgium . . . 2,707,390 „ 

France . . . 3,061,300 „ 

Germany (Brown coal 

included) . . 18,748,713 „ 

United States . . 126,700 ,, 

United Kingdom , 1,611,646 Eng. tons 

In the manufacture of briquettes, certain 
conditions are observed, regulating shape. 
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dimensions, and weight. The form should be uniform surface both the pitch and the solvent 
that of a'^parallelopipedon, and they should not employed should be free from water, 
weigh more than 22 lbs. ; they should possess Tar varnishes dry with a bright, hard 
a hrmuess approaching that of natural coal, surface, and adhere both to wood and iron with 
and to attain this end the proportions of ])itch considerable tenacity. They have been ex- 
used in their fabrication must bo at least 6-7 i).c. tensively employed for coating the hulls of iron 
They should not yield more than from 6-5 to ships as anti-fouling compositions and for the 
G-76 p.c. of ash, if intended for locomotive use, purposes of protective paints generally, 
or 10 p.c, if for steamboat use. Asphalts and compounds for pavinc/. Asphalt 

When broken they should fracture with a prcj)ared from substances derived from coal-tar 
clean, bright, and granular surface in the absence has found a wide application, especially for the 
of which they are generally faulty. Their purpose of street paving; surfaces of ground 
regular shape permits of facilities of stowage, coated or covered with asphalt become im- 
and the loss in transit by disintegration does not penetrable to moisture and the passage of 
amount to more than 1 or 2 p.c. against 30- noxious effluvia. Coal-tar asphalt may be 
50 p.c. as with coals. They should not fall to regarded as a soft pitch to which body or firm- 
pieces in the fire but agglomerate into a firm ness has been imparted by incorporating sand, 
compact coke. grit, gravel, chalk, lime, and substances of a 

Patent fuel of good quality is said to yield similar character. The soft pitch used for this 
10 p.c. more heating power than steam coal; it purpose may consist of the residue from tar 
makes less dirt and when manufactured from after distilling off the more volatile constituents, 
hard pitch gives leas black smoke than most and Imown as refined or prepared tar ; or it may 
Idnds of coal. consist of hard pitch, afterwards melted and 

In the preparation of artificial fuel of this thinned down to the required consistency with 
character numerous attempts have been made heavy fe’- green oils, 
to employ fatty, oily, mucilaginous, and similar The ■■ ■ ■ , .■ , ' this pitch into asphalt 

substances or coal-tar, as the agglomerating or suitable for street paving is carried on in various 
cementing medium, but the only materials ways. Occasionally the pitch is molted in iron 
now used are soft or hard pitch derived from pans and the ingredients to bo incorporated 
coal-tar. simply added and well stirred in the mixture 

The operation of blending is comparatively which contains 20-30 p.c. of pitch, and is used 
simple, requiring little plant beyond that of while hot and in a plastic condition, 
melting pans or pug mills. Occasionally, when Asphalt, in the form of blocks or slabs, is 
hard pitch is employed, a mixture of this manufactured for similar purposes, melted pitch 
material with coal, both in fine powder, is being run direct into a pug mill in which it 
subjected to the action of superheated steam, is incorporated with the proper proportion of 
by which the compound is softened and yields sand, gravel, or grit, and from this mill the 
a comxjact conglomerate on cooling. mixture is run direct into sand moulds to 

In shaping or forming such mixtures of coal harden and solidify, 
and pitch into blocks or briquettes, presses with Tar asphalt is said to bo considerably im- 
open and closed moulds are in use. The process proved by the addition of about 5 p.c. of sul- 
soarcely requires description, being quite phur, added in snnll p.-rlir.-s ii! a time during 
analogous to that of moulding bricks, the the heating or ’-li, ! 1 ! 

machine that works with dry clay being con- hydrogen is givoj-. n:':', ui-fl ii. : i- 

structed with closed moulds, those for wet clay during the heating the sulphu?- ■ ; 
with conical mouthpieces (dies). constituents rich in hydrogen ■ . . ■ ■ 

Black varnishes and japans. In the pre- the residue loss fusible. Starting with soft 
paration of varnishes, japans, and paints for pitch or viscid tar, it is said that 76 p.c. may bo 
coating and protecting the surfaces of iron and obtained as a good asphalt, which does not 
wood, tar pitch is simply dissolved in, or melted soften in boiling water. 

with, a suitable coal-tar distillate, depending Ooal-tar asphalt, or more correctly, very soft 
on the purpose to which the piroduot is to be pitch, is also employed for constructing ‘ asphalt 
applied and the rate at which it is required to pipes.’ This industry was introducoil by 
ilry or become hard. These solvents vary Jaloroau and has been fully descrilaul by 
from the more volatile benzene to the heavier Behrens (Hingl. poly. J. 208, 377). Endless 
xylenes or solvent naphthas, and it is not an hemp paper, 7 foot wide, is passed through a 
unusual thing to omiiloy naphthas and light oils .scmi-cyliiidrical pan set in a furnace and filled 
as run from the still, up to actual creosote. No witli hot pilcli. A roller revolving in the pan 
special lo; iwlfdoc or plant ia requisite in com- takes up the paper saturated with pitch and 
poundinc: I'r:.'!; is-youd that well known to convoys it to a similar roller forming the core 
varnish inakers. ’ of the pipe, round which any number of layers 

Ah a rule the pitch should bo melted at the of paper may bo wound. When the desired 
lowest temperature, and the solvent in the first thicimess has been attained, lino sand is dusted 
instance added in small quantities, after which on and the cylinder is exposed to coiiHidorahle 
it may be introduced more freely up to the pressure. After cooling in water the core is 
desired consistency. Rosin, in varying pro- withdrawn and the pipe becomi's rcsuly for use. 
portions, is occasionally added, but in tho Pipo.s manufactured in this nuumor resist very 
majority of cases pitch alone is used. Varnishes, considerable pressurti from within. They pewsess 
■ 0 nri:!v;rr;.]. v.'ill obviously vary in character, many features of value for special uses and are 
dr'. and lustre, and it is hardly employed for conveying water, acids, air-blasLa 
necessary to jjoint out that when required of a for pit ventilation, and for conveying undor- 
naturo that shall dry rapidly and with a bright ground telegraph wires. 
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A tarred"' ■’ ■' nufactured 

for pacldng . . ■ wrapping 

paper impn^ . ^ . Another 

description \vhich has been used for papering 
damp walls consists of two layers of paper 
united by a coating of pitch. 

A further and more important application 
of materials, such as paper and felts, saturated 
with ‘ prepared or refined tar,’ or pitch let 
domi to the required consistency by solution 
in heavy tar oils, is for the purpose of ‘ roofing 
paper or felt.’ A considerable quantity of this 
material is manufactured in Germany and 
elsewhere. 

Omng to the introduction of motor vehicles, 
the question of reducing the nuisance caused by 
dust on the roads has become very important and 
much attention has beer , It has 

been found that roads ■ pitch or 

prepared tar as a binder not only are less dusty 
but are more durable and cost less for repairs, 
maintenance and cleansing. Several patented 
articles for use as road binding agents have been 
put on the market, most of which consist 
essentially of soft pitch. This outlet has an 
important bearing on the pitch industry, as if 
a large proportion of the tar produced in the 
country is used for road making the output of 
pitch available for briquetting and other pur- 
poses will be very materially reduced. 


Pitches derived from the distillation of fatty 
substances. 

‘ Stearme\ and ‘palm pitches.’ Several 
pitches of this character are met with in com- 
merce, notably those Icnown as ‘stearine ’ or 
cotton oil,’ ‘wool oil,’ and ‘palm pitch’; 
the two first-named representing residues from 
substances consisting mainly of stearic, the 
third of palmitic acid. Their manner of pre- 
paration is as foUows : 

In the purification of crude cotton seed oil 
by caustic soda, a more or less viscid residue is 
0 btained, known as ‘ foots ’ or ‘ mucilage,’ 
which consists largely of stearic acid in the 
form of an imperfectly formed soap. This 
material constitutes an article well known in 
Hull, Liverpool, London, and other centres of 
cotton oil refilling, which has been extensively 
dealt with for the recovery of its ‘ stearine ’ and 
mucilage thus obtained in 
the first instance is heated in suitable vessels, 
and then gradually decomposed by the addition 
ot dilute sulphuric acid. This treatment 
separates the ‘ fatty acids ’ or ‘ stearine ’ in the 
form of a perfectly black greasy substance, 
technically known as ‘black grease,’ which 
may vary in quantity from a few p.c. to 80 p c 
ihe recovery of ‘ stearine ’ and stearine pitch 
follows as a second step in the operation, and 
consists in submitting the ‘black grease’ so 
obtained to a process of distillation by the aid 
of superheated steam, giving the following 


Inferior oils 

Stearine ’ . 

Pitch . 

Loss , 

. 6 
. 39 
. 50 

. 5 


100 


The pitch thus obtained and coiustituliiig 
the larger fjortion of ih(! operation, » may be 
‘hard’ or ‘soft,’ varying willi ilm jKiint to 
which the distillation has Ix'cn earrieil. .Both 
arc produced and met with in eomni<‘rc(! as 
meeting the requirenuuit.s of their r(‘.s]K>clivc 
consumers and present the folio w'ing characters 

Soft stearine jiitch, a viscid Irtuudy sulwtanec 
and hard stearine pitch, a (inn, bright, ))Iack 
product, breaking with a wnll-markcal (ionchoidal 
fracture. The sp.gr. of thi.s pitch i.s alanit 1%‘J,'), 
At 55’’ it softems sufficiently ■ to twisl, in the 
manner referred to under coal-tar ])i(ch, and at 
96'’ to 100'’ it melts. It is almost completely 
soluble in benzene and tlui tiyridine bases, but 
to a much lesser degree! in pelroleum spirit. 
To this solvent stearim! pileth oidy gives up 
about 71 p.c. of its organic matter,' 211 p.c,. re- 
maining insoluble. tSuij)hur is jiresenl- to the 
extent of 0-04 to 0-06 ]).c. 

It yields 79 p.(!. of volatile organic mailer 
and 21 p.c. of coke, containing 5-0 ]),c. of 
mineral matter or ash. During tint ojieratiiai 
of heating and burning off a strong, fatty odour 
is evolved which at once indicatcis its origin and 
nature as an oil ]jitoh. 

A benzene solution exliibits no bloom or 
fluorescence, and when examined sjietilru- 
scopically a cutting out of the bitu! or violet 
portions of the spectrum only no alworption 
bands arc visible, ytoarino pitch has tiecn 
extensively used for the prmi of . nceii;! 
black varnishes used in e'l.ni::.- i ■i;';),;ul''.'! .o.d 
in various compounds i-mi.ii'ye': ;V:;; <'ii-;;ie;i; 

insulation. For these - < o j^, 

nently adayfied from the ■ . surfae(.'H 

and combinations both Hui)pie ana ijuunt, and 
that do not crack and disintegrate in the manm-r 
of some mineral pitches. 

Wool- oil pitch. In the scouring and washing 
of woollen goods, soapy liquorH are obtained in 
considerable quantity, 'riiesc liquors arc now 
treated for the fatty suhHtanc(!H contained in 
them. The process followed is in imuiy ways 
analogous to that already de.scriljtfd, the fat'ly 
acids being separated by heating and a(idition 
of dilute sulphuric acid. On Hidmiit.ting the.scs 
fatty acids to a similar process of distillation, 
an excellent stearine is recovered with a similar 
residue of pitch. This jiiteh may he hard or 
soft, and in both stages rcHcmbleH tliat- known 
as cotton or stearine pitch ; it has similar uses 
■ The softer kinds an; used as 
1 ; /''y machinery under tlie name 

of hot and cold neck grease,’ 

Palm oil pilch. This jiitch, wiihih is now 
produced m considcralile quantity, is the residuii 
ot an operation extensively earrii^d outi mur<! <ir 
less in accordance with nr. b-cr.-i;;..;:: oatent 
granted to Wilson and i jj.’- v<;ar 

1843, in which oils or other fatly suli.sla'iice.s 
were heated with suljihurio sicid in jilaccs of an 
alkali for separation of their contained fatty 
acids. 

In the operation claimed, the glycerol is 
converted into sulphoglyceric acid,’ which is 
afterwards washed out, and tlu! r(!,sul|.ant black 
mass distilled with supcniieated .stefim. iiic 
respective fatty acids pass over in a eomlit.ion 
ot great purity and suitability for the vari<iuH 
purposes applied. With palm' oil, palmiUc acid 
distils over, and palm pitch remains in the still. 
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In appearance and when soft, this pitch 
varies fr»m those already described. It is dull 
in colour, with a waxy feel, but when hard is 
tolerably bright and black in colour, brealdng 
with a distinct conchoidal fracture and small 
granular surface, but exhibiting the same waxy 
feel ; its sp.gr. varies from 1-015 to 1-050. The 
softer kind twists at the ordinary temperature ; 
the harder at 30°, although it does not com- 
pletely melt under 95°. It yields about 80 p.c. 
of volatile organic matter and 20 p.c. of a light 
porous coke, containing 0-5 to 0-8 p.c. of ash. 
During heating a powerful fatty odour is given 
off, betraying its nature as being also of fatty 
origin. It i.s almo.st wholly soluble in benzene, 
but scarcely acted upon by the pyridine bases or 
petroleum .spirit. A solution examined spectro- 
scopically shows a cutting out of the violet 
portions of the spectrum but no absorption 
bands. 

Palm pitch has been exten,sively used for 
tarpaulin varnishes, and in combination with 
paraffin wax, for various electrical insulators. 
The softer kinds are employed as hot and cold 
neck greases for heavy machinery. 

Bone oil pitch. In the dry distillation of 
bones and other animal substances, an oil is 
obtained exhibiting a strong foetid odour and 
known as bone or ‘ Di^jpel’s oil ’ {oleum 
animale Bippelii) (q.v.), which when submitted 
to further distillation yields about 23 p.c. of a 
hard, firm pitch. 

Hard and soft varieties are produced and 
present the following characteristics : jet black 
and shining ; brittle, and breaking in masses, 
although distinctly conchoidal ; sp.gr. ranges 
from 1-125 to 1-130. The harder pitches 
‘ twist ’ at a temperature of 70°, and molt at 
98°~100°. 

A good sample will yield 03 p.c. of volatile 
organic matter and 37 p.c. of hard, compact 
coke, containing from 0-4 to 0-7 p.c. of mineral 
matter or ash. During the operation of heating 
litii! (hj characteristic and unmistakable 

o;io-ii- or animal oil becomes very 

liowerful and readily distinguishes it from all 
other pitches. As a solvent, benzene attacks 
it very imperfectly, but the pyridine bases 
diH.solve it entirely or with the exception of a 
small quantity of carbona(!oous matter. Petro- 
leum spirit dissolves about 30 p.c. Solutions of 
this pitch in the pyridine Ijases exhibit no 
l)Ioom or fluorescenoe, and when examined 
-fly merely a cutting out of the 
.ii):-:-!. -f the spectrum, no absorption 

bands being visible. Sulphur is present to the 
extent of 0-30 p.c. 

It exhale.s a somewhat unpleasant odour, 
very noticeable when warmed. Its chief uses 
are for tarpaulin and other varnishes. 

hltocJchohn pilch {wooil-tar pitch). Wood-tar, 
when submitted to distillation, yields distillates 
of light oils varying in sp.gr. from 0-810 to 0-880 
and about 70 p.c. of pitch. In appearance it is 
Jet Idack and brilliant, l)ut it is inferior to bone 
pitch. Its fracture is conchoidal, but it is 
extremely brittle, crumbling between the 
(ingcii-.s. It is slightly adhesive anti becomes 
sticky on gently warming. It has a sfi.gr. of 
about I -105 ; at 40° it twists csasily and at 82° it 
melts. When heated and ignilod it yields 
88-88-5 p.c. of volatile matter, leaving a soft. 


friable coke ranging from 12-11-5 p.c. and con- 
taining from 0-7-0-84 p.c. mineral matter or 
ash. During the burning olf, vapours and 
odours are evolved impossible to mistake for 
those of any other pitch, or for other than that 
of wood tar. Benzene dissolves this pitch 
completely and the pyridine bases equally well ; 
but petroleum sxhrit only take.s uj) from 91 to 
92 p.c., leaving a small portion insoluble. 
Sulphur is present but in minute quantity only, 
not excecfling 0-01 p.c. 

A solution of Stockholm pitch shows no 
bloom or fluorescence, and when examined 
- a cutting out of the violet 

I - ■> spectrum only. No bands are 

visrme nor any indication of chrysene, said to 
exist in this particular tar or pitch. 

Stockholm pitch dissolves almost completely 
in alcohol and potash lye. When its alkaline 
solution is boiled a coloured oil passes oyer 
possessing a stupefying smell, and when acidified 
and boiled yields volatile fatty acids. A black 
raas.s is deposited as the operation proceeds; 
on boiling thi.« mass with v/ater, creosote is 
given olf. If the acid and alkaline treatment 
is repeated several times, the mass is con- 
verted into a black powder which, after long 
boiling w>'h ■■.ydr-r.'-hl'idp acid, yields to alcohol 
only a mc. b' q:::;:>-.':y of resin. The black 
residue insoluble in alcohol and potash con- 
sists of — 

p.c. 

Carbon .... 65-04 

Hydrogen . . ■ .4-89 

Oxygon . . . .30-07 

100-00 

As wood-tar is a complex mixture of pheno- 
loid bodies, amongst which guiiiaool and creosol 
predominate, and the less volatile fractions 
contain methyl ethers of pyrogallol and its 
homologuos, it i.s highly probable that the 

ii- ::r - ii:i‘ 

trihydrio phenols {v. CmaosoTE). 

Wood-tar pitch is assumed to possess much 
of the antiseptic and preservative power of the 
tar from which it is derived. It finds a con- 
siderable outlet for marine purposes and the 
coating and painting of ships. 

Rosin pitch. Rosin or colophf)ny, is the 
residue left on distilling oil the volatile oils 
from crude turpentine, and wlion submitted to 
further distillation, yields definite products, but 

varying • -.-••i— the temperature and 

conditiot - ' ■ ■ In a vacuum or 

current of superheated steam it may be distilled 
almost unaltered, but when subjected to dry 
distillation, as in the ordinary method pursued 
by rosin distille.rs, it yields a numl)er of products, 
consisting (ihiofly of rosin oil, whie.h passes over 
to the extent of about 85 p.c., inchuding rosin 
spirit, water, a ])owerEully anaistlustic gas con- 
taining carbon monf)xide, cthylerifs, butylene, 
pentene, with a residue of ])itch amounting to 

I I ciwts. from a ton of rosin. 

Rosin jiitch is a yellowish-brown sul^tanoc',, 
hard and ecjrrqiacst hut (iasily ('.rumbling on 
.slight iinissunu It has a sticiky f(!(’l, and wlum 
warmed (*,xhil)its the c.harac.te.ristie odour of 
resin. Its sp.gr. varies from i-090 to 1-095; 
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at a temperature of 35° it twists readily, and at 
68° melts. When heated and ignited it yields 
82-5 p.c. of volatile matter, leaving a spongy 
soft coke amounting to 17-5 p.c., wMch contains 
0'5S to 0-7 p.c. of mineral matter or ash. During 
the heating a strong odour of rosin is given off, 
readily distingui.shing it from Stockholm or 
wood-tar pitch. In benzene and the pyridine 
bases it is completely soluble, but petroleum 
spirit only takes up 86-94 p.c., leaving 13-06 p.c. 
insoluble : sulphur is present to the extent of 
0-26-0-3 p.c. 

Solutions of rosin pitch exhibit a deep 
greenish bloom or fluorescence, but differing 
from that of coal-tar pitch, which is invariably 
yellow. Spectroscopically, they merely show a 
cutting out of the blue and violet portions of the 
spectrum ; absorption bands are absent. 

Rosin pitch finds no special use by itself, 
but is occasionally mixed -with other pitches of 
an inferior description. 

Pitches derived from the distillation of petro- 
leum and allied substances. Of these products, 
ozokerite intch occupies the most important 
position. It is obtained from the distillation of 
crude ozokerite, and the following figures have 
been furnished by B. J. Mills as representative 
of the operation : — 


Very light oils . 

, , 

. 20 

Heavy oils 

• » 

. 59 

Paraffin . 


8 

Hard pitch 


8 

Loss 

• • 

. 14 

100 


B. Redwood (J. Soc. Arts, 34, 886) gives 
the products of Galician ozokerite as 5 p.c. of 
gaseous n— n naphtha, 6 p.c. 

of semi- . ■ ■ ' ■ 12 p.c. of soft paraffin 

{melting at 44°-46°), distilled ozokerite (melting 
at 61°), and black waxy residue. It is a hard, 
waxy substance breaking with a rough granular 
surface, and irregular fracture. Its colour is 
dark amber, inclining to brown; its sp.gr. is 
0-950. At a temperature of 50°, it twists and 
at 85° melts ; heated and ignited it yields 
9-7 p.c. of volatile organic matter, leaving 3 p.c. 
of_ soft, friable coke containing traces only of 
mineral matter or ash. During this operation 
the odour evolved is simply that of highly- 
heated paraffin. It is completely soluble in 
benzene but not wholly so in the pyridine bases, 
the solution showing no bloom or fluorescence. 
Examined --.--j- absorption 

bands are . ■ . . ; - ■> out of the blue 

and violet ^-poctrum only, as is 

the case of , ■ ' ' ■ , ly described. 

Ozokeri’ i - ■ ' < pitch have been 

found_ to possess remarkable electrical qualities, 
and in admixture with various substances, 
caoutchouc among them, have formed the sub- 
ject matter of several patents. Such com- 
pounds have found extensive uses for coating 
telegraph -wires and for insulating purposes 
generally. 

Petroleum pitch. In the first distillation of 
crude netroleum oil, the charges may be run 
down to a coking point or they may bo di.s- 
continued at a stage at which pitch or artificial 
asphaltum would result on cooling. 

In appearance it greatly resembles natural 


bitumen or asphaltum ; it is jet black and 
shining, and breaks with a similar Cj^nchoiflal 
fracture. It has a sp.gr. of about 1-120. At a 
temperature of 45° it ‘ twists,’ at 84°-85°, melts ; 
heated and finally ignited it yields about half 
its weight of volatile organic matter. The 
odour evolved is characteristic of petroleum, 
but differs entirely from that of natural aaphal- 
tums, -with which it cannot be confounded. 
Mineral matter is present in minute traces only. 
Benzene dissolves this pitch completely, afford- 
ing a solution exhibiting a strong yellow bloom 
or fluorescence not unlike that observed with 
coal-tar pitch. It is, however, almost insoluble 
in the pyridine bases ; petroleum spirit dis- 
solves 36-16 p.c. only. The residues from 
American petroleum contain notable quantities 
of closed chain hydrocarbons, among which 
anthracene, phenanthrene, chrysene, chrysogen, 
and pyrene have been recognised, a.s also a 
hydrocarbon called thallene. Brom Californian 
petroleum the hydrocarbon picono CaoHi.! has 
been isolated. When treated with sulphuric 
acid, it yields a sulphonio acid dissolving in 
water with a splendid blue green fluorescence. 
Petroleum pitch, although differing in its 

physical aspect, may, in many respects, bo 
looked upon as resembling coal-tar pitch. 

B. Poro (Gazz. chim. ital. 13, 77) gives 
"".I " ^ -jures as showing the results of 

■ ' ■ ■ ' ' petroleum: — 

I. II. 

Oil .... 63-5 60-9 

Pitch .... 32-2 28-3 

Petroleum pitch has been used in com- 

pounding cements, asphalts, varnishes, and 
patent fuels. 

Shale oil pitch is now quite unknown, manu- 
facturers of shale oil preferring to continue its 
distillation to the extent of coking. 

Bibliograph/.—Lnnge’B Coal Tar and Am- 
monia (4th eriit.), 1909 ; Allen, Commercial 
Organic Analysis (2nd edit.), 1880 ; E. J. Mills, 
De.structive Distillation ; S. B. Peckham (Amer. 
J. Sci. [iii.] 28, 105-117); Stripplemann and 
Engler (Dingl. poly. .1. 250, 216, 227, 271, 316, 
321); Bou,ssingault (Compt. rend. 96, 1452, 
1456) ; B. Dolachanal (ibid. 97, 491, 494) ; 
S. Bernus (Bull. Soc. chim. do Belgique, 1911, 

'pitchblende, or Uraninite (Ger. Urau- 

pecherz). A uranium mineral which is much 
sought for as an ore of radium. Its occurrence 
in the ancient silver mines at -Toachimsthal in 
Bohemia was known as early as 1727 ; and it was 
in this mineral that M. H. Klaproth discovered 
in 1789 the element uranium. The old German 
names Pecherz, Pechblende, &c., were suggested 
to the miners by a superficial resemblance of 
the mineral to pitch and to zinc-ljlendc. The 
name IJranin, proposed by W. Haidingcr in 
1845 and later modified l)j' Dana into Uraninite, 
is sometimes used in a rather wider sense to 
include the massive variety (i)itchl)]endc) and 
the crystallised varieties (‘ uranoniobite,’ clevc- 
ite, broggerite, and nivenite). 

The mineral, although posK<is''.-ing certain 
points of considerable interest and a high value, 
is unattractive in appearance. It is opaque 
and black with a dull pitchy lustre (crystals are 
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brighter and with a sub-metaUic lustre) and 
breaks l^ith a sub-conchoidal to uneven fracture. 

. The streak, or colour of the jjowder, is brownish- 
• or greenish-black. The only feature that 
attracts attention is the remarkably high 
density (sjj.gr. 0-4-9 *7). This feature serves to 
distingui.sh the mineral from the more commonly 
occurring chromite ; in its non-magnetic charac- 
ter it differs from magnetite ; and in the absence 
of cleavage from wolframite — these being 
minerals often mistaken by prospectors for 
pitchblende. Prom some other heavy black 
minerals, such as columbite and tantalite, the 
distinction is less easy in the absence of chemical 
tests. Pitchblende can, however, always bo 
quickly and readily recognised by means of its 
radio-active character ; and without the aid 
of such simple and portable instruments as the 
spinthariscope (or scintilloscope) and gold-leaf 
electroscope the chances of the prospector are 
small. Although actively sought for .since the 
discovery of radixim in 1898, it is a remarkable 
fact that no now deposits of pitchblende of any 
importance have been brought to light. 

Two distinct varieties, with very different 
modes of occurrence, are known. One is met 
with in a massive form, sometimes showing a 
mamillated or botryoidid surface, in mineral 
veins together with ores of silver, lead, copper 
or tin, (rnd fve imuiiiy associated with ores of 
nickel, cobalt, and bismuth. The other variety 
is found as small (1-3 cm. across) octahedral or 
cubo-ootahodral crystals ■■■, r: — /--j.. ---j--. 
traversing granitic rooks. "I 
differ somewhat in chemical composition and in 
sp.gr. (0-4-8 for the massive, and 7-5-9‘7 for the 
crystallised variety). 

The mineral has been variou,sly regarded as 
an oxide of uranium or as a uranato of uranyl, 
lead, thorium, &c. In corai) 08 ition it i.s subject 
to wide variations. The principal constituents 
are uranous and uranic oxides, but these are 
present in v.arying relative proportions. Lead 
is also invariably i)re.sent, but it is only_ the 
cry.stallised varieties that contain in addition 
thorium and metals of the cerium and yttrium 
groups. Some of the many constituents shown 
in the analysis are no doul)t present as meebani- 
C'dly admixed impurities, this applying more 
particularly to the massive variety of lower 
specific gravity. Thus an analysis by E. 
-landa (Oestorr. Zcitsch. Berg- u. Huttenw., 
1902, 1. 283 ; aijstr. Chem. Zentr. 1902, ii. 150) of 
an average satnple of the Joaohimsthal ore 
gave: U'sOh, 49-95; AsoSg, 0-71 ; PbS, 1-85 ; 
PbO, 0*25; CuoS, M2; Bi-Ss, 0-31; Ag.,S, 
0-04; EeS.„ 7-93; EcoO^, 1-14; EeCOa, 6-90; 
ALO^, 3-25"; ZnO, 1-09; MnOj, 0-11 ; CaCOg, 
3-69;' CaSO^, 0-89; MgCOg, 0-70; MgSO^, 
0-07; SiOg, 18-55; VgOg, 0-02; TLA NaA 
KgO, PAr,. 1-34; CuSO„ Ni, Mo, W, 

Ba, trace.s. 

Several (22) detailed analyses have been 
made by W. E. TliUebrand, but ho failed to 
arrive at a definite formula for the mineral 
(Amor. J. Sci. 1890, 40, 380 ; Bull. U.S. Geol. 
Survey, 1891, No. 78; 1892, No. 90; 1910, 
No. 419). The following analyses, I-V, are by 
FTilloljrand. I, bright crystals from Branch- 
ville, Oonneetient. II, massive from Johann- 
goorgenstadt, Saxony ; HI, massive from Gilpin 
Co., Colorado; IV, crystals (‘ broggorite ’) 


from Annerod, Norw'ay ; V, crystals (‘ cleveite ’) 
from Arendal, Norway ; VI, (W. Marckwald, 
Centr. Min. 1906, 761), crystals from Lukwen- 
gule, Ihuguru mountains, German East Africa. 


UOo 

do; 

I. 

II.i 

1II.“ 

IV. 

V. 

VI. 

72-25 

13-27 

59-30 

22-33 

68-51 

25-26 

46-13 

30-63 

24-18) 

41-71J 

87-8 

ZrOg } 
ThOg ( 
CeOg 

7-20 

nil 

nil 

nil 

7-59 

0-22 

0-06. 

6-00 

0-18 

3-66 

— 

(La,Di )„03 

— 

nil 

— 

0-271 



(Y,Er )„“03 

— 

nil 

— 

1-11 

9-76 

— 

PbO 

4-35 

6-39 

0-70 

9-04 

10-54 

7-5 

EeO 

— 

— 

0-32 

— 

— 

1-0 

EOgOg 

0-11 

0-21 

— 

0-25 

0-03 

— 

MnO 

0-10 

0-09 

0-16 

— 

— 

— 

CaO 

0-18 

1-00 

0-84 

0-37 

1-06 

2-1 

MgO _ 

— 

0-17 

tr.? 

tr. 

0-10 

— 

Alkalis 

— 

0-31 

tr.? 

tr. 

0-23 

— 

HaO 

0-68 

3-17 

1-96 

0-74 

1-23 

0-5 

He, &c. 

n.d. 

tr. 

0-02 

0-17 

n.d. 

— 

SiOo 

0-03 

0-50 

2-79 

0-22 

0-90 

0-3 

■pgo; 

— 

O-OG 

0-22 

0-02 

— 

— 

Tnsol. 

0-04 

— 

— 

4-42 

MO 

0*2 


98-21 

97-93 

99-82 

99-61 

94-60 

99-4 

Sp.gr. 

9-733 

6 -89 

8-068 

8-893 

7-50 

S-84 


In ’ ’ , ■ ■ : ■ ■ 1 .". ■ L 

(UO.J , . !■ ■ : 

signs of alteration there is more uranic oxide 
(UOg) and water. The latter pass into the 
alteration-product known as, gum mite, which 
contains only uranic oxide together with much 
water. Since the dioxides of uranium, thorium, ■ 
and cerium have been obtained artificially as 
cubic crystals, it seems probable that uraninite 
may bo regarded as an isomorphous mixture of 
these oxides, the formula then being - 

(U, Th, Co, Pb)02. 

This view is supported by the discovery of the 
closely allied cubic mineral thorianite (q.v.), in 
which thorium oxido predominates over uranium 
oxide. 

Containing a higher percentage of uranium 
than any other mineral, pitchblende is corre- 
H]iondingly richer in radium, hut this amounts 
to only one part in five million (i.e. about 
200 mg. per ton). About 0-1 gram of radium 
cldorido can bo extracted from a ton of ore 
containing 50 p.c. UgO,,. On the process of 
extraction employed at the Joaohimsthal works, 
,.s-ce L. Tlaitinger and K. Ulrich, Sitz.-ber. Akad. 
Wiss. Wien, 1908, 117, [iu] 619. The inert gas 
liberated from pitchblende whe,n the mineral is 
dissolved in acid or when heated in vacud was 
first detected by W. F. Hillebrand in 1890, and 
believed by Ifim to bo nitrogen. This led Sir W. 
Eamsay in 1895 to the discovery in tliis mineral 
of terrestrial helium. Argon is also present. 

By its alteration in nature pitchblende gives 
rise to a number of secondary uranium minerals. 
These are yellow in colour, and are often to be 
seen as an earthy coating on the surface of 
’ of pitchblende -. when met with 

. . - ■ ■ )xidised zones of mineral-veins, 

• Anal. II. inoludcH also : AbO..?, 0-20; BtgOg, 0-75; 
OuO, 0-17; ASoOg, ; V.p., MoOg, WOg, 0-75; 
HO g, 0-19. 

'“Anal. III. intihideH also: AboOb, 0-43; CuFeSg, 
0-12 ; FeSg, 0-24 ; ;^nO, 0-44 ; TiOg. trace. 




296 


PITCHBLENDE. 


they form a valuable indication of the presence 
of the mineral. By simple oxidation and 
hydration it passes into gummite — a heavy, 
reddish-yellow mineral with a gummy appear- 
ance. In the presence of sulphuric and carbonic 
acids (the former produced bj ”■ 

of iron-pyrites commonly 
pitchblende), it alters to a number of hydrated 
and basic uranium sulphates and carbonates — 
the .so-called uranium-ochres (johannite, liehig- 
ite, &c.). In the presence of phosphatic 
solutions it gives the so-caUed uranium-micas 
(autunite, q.D., torbenite, &e.). 

The localities at which pitchblende has been 
found are relatively few in number, and it is 
only in throe districts that the mineral has been 
found in quantities sufficient for mining. These 
are in the mineral-veins of CornwaU, of the 
Erzgebirge on the borders of Saxony and 
Bohemia, and in Gilpin Co., Colorado. 

In Cornwall, the workable deposits are those 
of the South Terras mine in the parish of St. 
Stephen -in-Brannel near Grampound Eoad, 
and the Trenwith mine at St. Ives. The 
occurrence of pitchblende has, however, been 
recorded in some 26 other Cornish mines in the 
parishes of St. Just-in-Penwith, St. Ives, Pen- 
zance, Gwinear, Camborne, Tllogan, Redruth, 
Gwennap, Wendi’on, St. Gluvias, Perranarwor- 
thal, St. Stephen-in-Brannel, and Lanivet. On 
the Saxon side of the Erzgebirge it has been 

.... T . - ■ , 

be . ■■ ■ ■ . . ' . . 

Scnwarzenbpg, and Gottesberg j and on the 
side at Joachimsthal and Solilaggon- 
wald. (On the mode of occurrence at Joaohim- 
^hal, see J. Step and E. Becke, Sitz.-ber. Akad. 
Wiss. Wien, 190f, 113, [i.] 686.) Other European 
occurrences are in the mineral-veins of Przibram 
in central Bohemia, and Rezbanya in Hungary. 

A specimen has also been described from near 
Adrianople in Turkey (J. L. Smith, 1848). Near 
Central City in Gilpin Co., Colorado, pitchblende 
IS worked on the Wood and Kirk lodes. A 
specimen of doubtful origin has been described 
from New South Wales (T. H. Laby, 1909). 
ihe localities above mentioned aU refer to the 
occurrence of mafssive pitchblende in mineral- 
veins. 

The crystalli,sed varieties occur as small 
crystals sparsely scattered in pegmatite-veins 
and _ are occasionaUy met with as isolated 
specimens in the felspar quarries in the south of 
Norway, at several places in the neighbourhood 
Moss_ (Karlshus, Raade, Annerod, Elvestad, 
HuggenasWen, Skraatorp), near Arendal (Garta 

(Evje). In_ the United States, crystals have 
been found in the felspar quarries at Middletown, 

Gonneetict: 

lEti-MI "ftef mica mines in 

- Co., in North Carolina. 

Carolina; Barringer Hill 
in Llano Co., Texas ; and rather abundantlv in 
district in the Black Hills of 
South Dakota. A Canadian occurrence if ?n 
mica mines at Villeneuve, Ottawa Co., Quebec 

imca mine at Lukwengulo m the Dluo'nm 
moimtains, German East Africa. 

Curiously, this ore, now of such great value, 


was a source of embarrassment to the earlier 
miners, and it was thrown aside as Wf^thless. 
Some of the old waste heai).« are now being 
worked over for pitchblend6. Since about 
1830, it has been used for the extraction of 
uranium oxides, and in 1863 works were estab- 
lished by the Austrian Government for this 
purpose at Joachimsthal in Bohemia. The 
oxides were used in producing rich velvet- black, 
yellow, and orange colours in porcelain and 
enamels, and in the manufacture of the well- 
known fluorescent uranium glass. Limited 
amounts of the ore have also been used for the 
preparation of uranium salt,s employed as 
chemical reagents and in jihotography. A 
more recent application of uranium i.s in the 
manufacture of steel for guns. 

Tim limited and uncertain nature of the 
deposits is well illustrated by the variations in 
the output of the pitchblende ore. In 1890, 
Cornwall and Bohemia produced 22 and 26 t(m.s* 
and in 1 897, 30 and 44 ton.s respectively. After 
the discovery of radium, the output increased 
to a maximum of 103 tons in 1906 in Cornw'all, 
and of 62 tons in 1900 in Bohemiii. Since their 
it has decreased to 6 and 8 tons respectively in 
1909. Saxony produced only ton in 1909. 
In Colorado, the output of pitc.hblende ha.s 
varied between 4 and 20 tons per annum. 

L. ,J. S. 

PITTAOAL V . Wood, Distillation oil 
WTTOSPORIJMUNDULATUM (Be«i.). The 
fruit of this tree which is indigenous to South- 
Ea.storn Australia whore it i.s known as ‘ mock- 
orange,’ yields by distillation an oil of an orango- 
like odour aiad contains a largo jjrojiortion of 
limonene besides small amounts of qnnvm and 
various esters and an optically inacitive sesqui- 

'-I’Lins. 

1906, 89, 1083). 

PITURI. The leaves of Diihoisia Uopwoodii 
(T. V. Mull.), used as a narcotic ( llrcBtowski, 
Handworterbuch Pharm. 370). On distillation 
with steam wriH stated to yield nn alkrdoid, a 
colourless oil, h.p. 243°, called piiurm. Rothera 
has shown, _ however, that the only alkaloid 
present is nicotine, which form.s 2-67 p.o. of th(> 
bS)^^ drying at 60° (Biochem. J. 1910, 6, 

PIURI V . Indian yellow. 

PLAGIOCLASE V . Eblhi’au. 

PLANT-SPRAYS. S[)raying may he taken 
m a wide sense to embraco the aiiplieation of 
solids, liquids, or gases to plants with the ohject 
them from insect or fungoid parasites, 

' ■ ' from dead hjirk nnO unfli 


from dead hark, and such 

xxri'+L i, u\ growth as interferes 

With tho healthy functioKS of tJic plant. 

SOLID.S. 

soIifN'^ln spray-fluid.s, or washes, eontain 
oases that solids are uscal in the dry stai.e ' 
means ol bellows, anrl the oncration innui 
mist, so that the solid may adlierc' to them 
apiHicd_ extensively in this way to hoiw for 
otbe- cases it is applied mixed witli lima. Tho 
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nature of its action is at present oljscure, but 
most*probably dei)ends on its being slightly 
volatile, for, when used in hot-houses, the most 
satisfactory results are obtained when it is 
painted on to the hot water pipes, or otherwise 
heated. At the same time its eflectiveness is 
increased by the presence of moisture, though it 
hardly seems possible that the traces of sul- 
phuric acid formed under such conditions can 
account for its action. Hellebore, consisting of 
the root-stock and roots of Veratrum album 
(Linn.) and F. viride (Ait.) is ofeetive in 
destroying caterpillars on gooseberries, &c. ; 
it acts chiefly by poisoning their food, but 
is probably also injurious to them by con- 
tact with their bodies. As it is less poisonous 
than arsenical compounds and loses its pro- 
perties rapidly on exposure to air, it may be 
used with safety within a short time of the 
ripening of the fruit. Pyrethrum, obtained 
from the ground heads and stems of Chrysan- 
themum [Pyrethrum'] roseum (Web. et Mohr) and 
C. Marschallii ' *. ■ h.- ' ' 0. [Pyrethrum) 

cineraricefoUum . ' . . . ' . . contains an oil 

which appears to act on insects only fay contact. 
Besides being used in the dry form, it is used as 
a decoction and also as a fumigant. 

Liquids. 

A. Insecticides. Por a determination of 
the nature of the insecticide which is likely to 
be eilootive in any particular case, a knowledge 
of the life history of the insect is ncoossary to 
indicate at what period it is most vulnerable 
and by what moans it may best bo combated. 
Insects which chew the leaves are best dealt 
with by poisoning their food, whilst others 
which pierce the loaves and bark, extracting 
the juices from below the surface, are best 
attacked by the application of some corrosive 
substance to their bodies. The most effective 
procedure, where practicaldo, is to destroy the 
eggs of the insect : for this a corro.sive sub- 
stance is required, and such can only bo applied 
to the plants while these are in the dormant 
condition. Por facilitating insect eggs l,)cing 
reached by a fluid, as well as for reducing the 
number of crevices in which insects can deposit 
their eggs, the appli(!ation of a detergent wash 
in the winter, to remove dead bark, moss, lichen, 
&c., from the trees is an important adjunct to an 
insecticide. 

Many of the mo.st popular insccticidcis and 
fungicides have come into use by accident, 
and although j)ractical oxpeuimontH have in- 
troduced considerable improvements in tlunn, 
much uncertainty still prevails as to the method 
of their action ; and it is remarkable tliat in 
very few cases has science provided satisfactory 
substitutes for these chance select, ions. 

The chief classes of insecticides ans (1) 
vegetable poisons consisting of alkaloids, (2) 
soft soap, with or without (ixeess of alkali, (3) 
sulphur and sulphides, (4) phenol, (fi) pjiraflin 
oil, ((5) arsenical comx)ounds, (7) lime. 

(1) Of the vegetable j)oiHon.s, hellebore and 
pyrethrum have already been mentioned, and 
these may bo sprayed on to the tree,« in the form 
of a 3 or 4 p.c. a(l mixture with water or dilute ; 
paraffin oil emulsion. If a decoction is uscsl it j 
should not be boiled. Quassia with soft soap is I 


much used for destroying aphis. The wash is 
made by boiling to 3 lbs. of chips of the wood 
with 1 0 gallons of water, and adding J to 3 lbs. 
of soft soap. 

Nicotine appears to be by far the most 
effective of the vegetable insecticides. A 
decoction of ‘ denatured ’ tobacco — which 
contains about 70 p.c. of tobacco mixed with 
sulphur, asafoetida and flour — may be used, 
but owing to the great variation in the nicotine- 
contents of tobacco, it is better to use nicotine 
itself. A solution of 0-075 p.c. is very effective 
for aphis, apple psylla, &c. : it is well to add 
to the solution 0-5 p.c. of soft soap. 

It is noticeable that various alkaloids, such 
as aconite, hyoscyamine, nux vomica, &c., which 
are highly poisonous to vertebrate animals, have 
but little action on insects. 

(2) Snap is generally used in connection 
with other substances as in the instances just 
mentioned, but it is also used effectively alone 
for killing certain aphides such as those attack- 
ing roses. It is probable that its action in such 
cases is due to its clogging the breathing appara- 
tus of the insect : its low surface tension also 
enables it to wot bodies more effectively than 
other .sjiray -fluids, though it may be re- 
marked, a similar action in the case of saponin 
doo.s not appear to increase the effectiveness of 
substances to which it is added. Soap is also 
largely used as an agent for emulsifying paraffin 
oil. In connection with tliis, and especially if 
alkali is added as well, it is used for the destruc- 
tion of insect eggs, although its chief func- 
tion under such circumstances is that of a 
detergent. 

(3) Sulphur is generally used in the solid 
condition, as mentioned above, although it 
occasionally is made into a liquid wash with 
water and other substances. As an insecti- 
cide and still more as a fungicide, the sulphides 
lilay an imi)ortant part. The origin of their 
use seems to have been the application to trees 
of a liquid used as a sheep dip, and known as the 
limc-sulphur-.salt wash (California wash) or the 
limo-sulphur-soda-salt wash (Oregon wash). 
There are many recipes for maldng these, the 
more usual being to boil together for 45 minutes 
3 to 6 Ib.s. of qidcklime with 3 lbs. of sulphur, 
3 lbs. of salt, and a limited quantity of water, 
the re, suiting liquid being afterwards diluted to 
10 gallon, s. In the Oregon wash, about 1 lb. of 
caustic soda is added in addition to the above 
materials, and the heat generated on _ adding 
water to thcs mixture is sufflciiont to obviate the 
apxflication of external heat. A wash of this 
strength can be used only on dormant trees, 
and is then more effective when applied hot ; 
but at a lessor strength it is now being used on 
trees in loaf, chiefly as a fungicide, lllhc wash 
always contains a considerable proportion of 
unaltered lime, the sulphur going into solution 
as calcium thio8uli)hato and pentasulphide. 
'I'ho latter undergoes rapid change, even in 
absence, of air, the pentasulphide becoming 
converted into thiosulphate with the liberation 
of suli)hur, and the thiosulphate into sulphite 
anrl morc^ free sulphur : the sulphite ultimately 
oxidises to siiIyfliaLf. Where causffle soda is 
used in its j)r(q)araiion, thci Hulj)hur re-acts with 
it in pr(‘iorencc to the lime. 'I'lio method of 
operation of this wash is uncertain. It is used 
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habitually in the Western State.s of America for 
combatting S<an Jos6 scale, and according to 
certain experiments, none of the substances 
■which it contains, when used separately, have 
any efiect on the scale : according to other 
authorities, a mixture of potassium sulphide 
and lime is as effective as the wash. It appears 
that its action is in part mechanical, the sulphur 
deposited from it on to the trees glueing the 
scales to the bark and preventing the egress of 
the young insects. What function the salt 
performs is obscure, and according to some 
investigators it may be omitted without detri- 
ment. Owing to the excess of lime present in 
it and to the destructive action of sulphides on 
lichen, &c., the wash is a good detergent. 

Lime and sulphur mixed •with water without 
heating are sometimes used for aphis, mites, and 
red spider, being preferable to sulphur by 
itself ; such a mixture always contains some 
products of the reaction of the two substances. 
Calcium sulphide solution is also used for the 
same purpose, but potassium sulphide is pre- 
ferable, as soft soap can be added to it without 
causing decomposition : 3 to 10 ozs. in 10 
gallons are the proportions recommended. It 
can also be mixed -with an emulsion of paraffin 
oil. 

(4) Phenol, either dissolved by itself in water, 
or with the addition of soap or glycerol, has 
been tried as a general insecticide without much 
success, but a solution of carbolic acid soap is 
very effective for certain aphides as well as 
mildews {e,g. of roses), and phenol figures as 
one of the ingredients of several proprietary 
insecticides which are now in use. 

(.'5) Paraffin oil was used for spraying 
purposes very soon after it was first obtained. 
The undiluted oU cannot be used on trees, even 
in the dormant season, without some risk of 
injury, but injury does not always follow, even 
when the trees are in leaf, and it is a very 
satisfactory remedy to apply in cases (e.f/. 
woolly aphis) where the eradication of a pest 
from a ■plantation is of more importance than 
the possible injury to some of the trees. In 
that case, a pneumatic sprayer should be used, 
which distributes the liquid in the form of a 
very fine mist. A good quality lighting oil 
must be used, higher boiling oils aro certain to 
injure the trees, and so do the more volatile 
oils (petrol), due, probably, in the latter case 
to the cold produced by evaporation. Mixtures 
of oil and water, unless quite dilute, appear to 
do more damage than undiluted oils. The ad- 
mixture of oil ■with water used to bo effected by 
pumping the liquids from separate containers 
into one delivery hose fitted -with a spraying 
nozzle. It is now more general to emulsify the 
oil in the water cither by means of soft soap or 
of certain finely divided solids, such as the basic 
sulphates of iron or copper, obtained by precipi- 
tating the normal sulphates with lime-water or 
milk of lime. For plants in leaf, the proportion 
of oil should not exceed p.c., but where they 
are dormant 6 or 7 p.c. "may safely be used. 
Much_ larger proportions are often used in 
America, For dormant trees it is usual to add 
to the om'a.lsion 2\ p.c. of caustic soda, which 
make3_ the wash a powerful detergent, as well 
as an insecticide as regards the eggs of certain 
insects. In that case, a basic sulphate should 


bo used instead of soap as an emulsifying agent, 
although there are special brands of soap which 
act fairly well under the circumstances ;'^those 
containing a large pniportion of stearin yield a 
sufficient supply of small insoluble particles to 
prevent total de-emtdsincation when the; 
potash soap is flocculated by adding the soda. 
Emulsions of paraffin may be used in conjunc- 
tion with most insecticides and fungicides. 

(6) Arsenical compounds. These supply 

some of the most powerful insecticides for leaf- 
eating insects. An aeeto-arseuite of copper 
(Paris green), made by the action of arsenious 
oxide on verdigris, was one of the first of these 
substances to oom.e into use, but it is liable to 
injure the foliage, the leaves becoming scorched, 
and often falling. This action is intensified if 
the Paris green contains excess of arsenious 
oxide, as it often does, and it is well to guard 
against this by the addition to it of an equal 
weight of li.me. Calcium a,rsenite, made by 
boiling arsenious oxide with lime, is also used, 
although more frequently in the form of London 
purx>lo, which is a waste product from dyo- 
works and contains 7.7 p.c. of the arsenite. The 
compound which has come most into favour of 
recent years, chiefly on account of its causing 
very little leaf-scorching, is lead arsenate, also 
called gypsine, from its being first used for the 
gipsy moth caterpillar. When prepared by 
"• of lead acetate by sodium 

! • •. f the acetate to oz. of the 

crystallised, or to 2 oz. of the ‘ dry ’ arsenate 
for every 10 gallons) it consists of tbo triplnmbic 
salt, Pb 3 (AsO^) 2 , but when lead nitrate is used, 
the product consists chiefly of PhaHafAsO^)^. 
Both substances are slightly soluble, the latter 
being the more soluble of tlie two, and they are 
in a fine state of dmsion which facilitates their 
distribution over, and adherence to, the leaves. 
The insecticide is sold in the form of a paste, 
mixed sometimes with other materials, and is 
preferable to tlio home-made material, inasmuch 

as it is free from the ' of acetic 

acid liberated in the . tends to 

cause leaf-scorching. 

(7) Lime has been used of late years together 
■Ruth salt, as an insecticide in special cases 
(apple psylla). The lime-salt wash is made by 
.slaking 15-20 lbs. of lime, adding 2-3 lbs. of 
salt, i-1 lb. of water-glass, and making ui) to 
10 gallons. It is applied to the trees, as hot as 
possible, a few weeks before the buds open. 
The wash appears to act partially by destroying 
the eggs and partially by glueing them up .and 
preventing the egress of the insects. What 
Tunotion tlie salt performs it is difficult to see. 
Strong brine will destroy insect eggs by de- 
pleting them of their liquid contents, bi-it the 
salt is hardly present in this wash in sufficient 
proportion for such an action. 

B. Fungicides. Sulphur, and the sulphides 
previously described, aro important fungicides, 
the latter being of special use in the ease of 
surface moulds or mildews. Phenol and the 
salts of iron appear to have bub very feeble 
fungicidal properties, and mercuric chloride, 
although of great value in the laboratory, has not 
been successfully applied bo plants. By fo-r 
the most im])ortanb fungicide appears at present 
to be copper, and it has been applied in a groat 
variety of forms. 
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The prohloms of fungicidal action are 
coraijles and, at present, very obscure. 
A fungus destroys its host-plant by the 
development of mycelium, or thread-like 
roots, which penetrate and break up the plant 
cells. As these do their work within the body 
of the plant, they cannot bo reached by any 
fungicide. Remedial measures must depend on 
killing the spores or seeds of the fungus, or else 
on protecting the plant in such a way that 
fungus spores alighting on it will find conditions 

unsuitable for \ fungus being, 

like its host, a ■ ; deleterious to 

it is likely to bo deleterious to the host-plant 
also, and a scorching action on foliage has 
been found to be a general concomittant of 
fungicidal action, although under certain v/eather 
ooxiditions such damage does not talce place. 
When a plant is in the dormant condition and a 
strong fungicide can be used on it, the fungus 
also exists in the form of resting spores which 
are very resistive to treatment. 

For a substance to be operative it must 
either be soluble to start with or become soluble 
during use. The insoluble copper compounds 
used as fungicides apparently become soluble 
by the agency of carbon dioxide, copper sulphate 
being the substance liberated ; and the evidence 
at present seems to be against the view that 
anything excreted by the fungus itself or by 
the host-plant acts as a solvent agent. Fungus 
.spores, while actually germinating, or the 
mycelium while in a state of activity, would 
doubtless excrete substances capable of dis- 
solving copper compounds, and the loaves of some 
trees (e.p. the lime), certainly do so, as do the 
leaves of many other trees when bruised j but 
no such action has yet been established, either 
with dorra.ant fungus spores or with the sound 
leaves of fruit trees. The protective action of 
a fungicide consists in its forming a coating 
on the leaf, generally of copper carbonate, 
which is slightly soluble and which, therefore, 
prevents fungus spores from germinating there. 
Rut protection may also occur through the 
imbibition fif sohxblo copper into the substance 
of the leaf itself, for it has l)een shown that 
copper is thus absorbed, becoming apparently 
substituted for the iron which is normally 
present therein. It appears that both the 
fungicidal and the scorching action of solulile 
copper compounds is dependent solely on the 
amount of copper contained in them, unless 
the acid radicle present has a fungicidal action 
of its own, and the inten.sity of the effect is 

. logarithmic function of the 

: . . often very little is gained ))y 
a considerable increase in strength. 

The use of copper compounds originated in 
verdigris haviug ;■ p!>li«.'l to roadside vines 
to prevent dipiio!,.: "o!-:-, wi:); the result that 
such vines were found to remain free from 
mildew, 'riiis led to the use of copper sulphate, 
to which lime was next added to neuitralise the 
acid which was supposed to bo responsible for 
the scorching produced. Such a mixture was 
Icnown as Bordeaux mixture, anrl it is still the 
most extensively used fungicide. The pro- 
portions of ingredients recommended have 
varied largely at different times, })nt at present 
it is generally made with f! lbs. of lime and 8 lbs. 
of copper sulphate to 10 gallons, and it is 


obtained in the most satisfactory state of 
subdivision by adding the sulphate in the 
form of a strong solution to the lime, 
previously slaked and mixed with the bulk 
of the water. The action of lime op copper 
sulphate results in the formation of a series 
of basic salts, of which 4 Cu 0 ,S 03 is the 
lowest, and is that formed when the lime is 
just sufficient to precipitate the whole of the 
copper. When the amount of lime is increased 
until the liquid becomes barely alkaline, the 
compound formed is lor<>nr)S!ri .v.nosn._ v'hich 
is a very bulky subst ■ . . in 

the liquid, and very , , for 

.spraying. With a still larger proportion of 
lime, such as is used for Bordeaux mixture, 
it is the latter body which is formed at 
first, as the water present is insufficient to 
allow the whole of the lime to react at 
once, but this excess of lime gradually 
dissolves and the precipitate is converted into 
another compound, 10CuO,SO3,20aO, mixed 
with copper cuprite, this mixture forming a 
violet blue compact precipitate, little suited for 
spraying. Bordeaux mixture should, therefore, 
be used as soon as possible after preparation. 
Most of the basic sulphates are insoluble, hiit 
are decomposed by carbon dioxide reproducing 
copper sulphate, but only in amounts represent- 
ing a small proportion of that used in making 
them, as is evident from the equations : 

lOOuSOi-t-OCaO^lOCuO.SOs-f-OOaSO, 

10CuO,SO3H-4-5CO2=CuSO4-l-4*5CuCOa,CuO 

although the proportion liberated in this state is 
found to he considerably in excess of that hero 
indicated, the additional SOj required for the pro- 
duction of the excess being derived from the cal- 
cium sulphate, which- is not present as such, hut 
as an integral portion of the basic sulphate itself. 
The copper sulphate liberated acts directly as a 
fungicide in the manner above indicated, whilst 
the copper carbonate formed supplies a pro- 
tective coating to tho leaf. With ordinary 
Bordeaux mixture there is considerable excess 
of lime present, which decomposes any sul])hato 
as soon as it is formed, tho practical result being 
that only 2 or 3 p.o. of tho copper sulphate 
taken to malce it becomes converted again into 
sulphate, whereas about twonfiy fiimos that 
proportion is obtained when pure lOOuOjvSOj is 
used, but tho reduction in tho proportion’ of 
active fungicide in tho case of tho ordinary 
mixture is partially countorbalauoed by an 
increase in tho i)rf)tGctivo carbonate formed. 
With ordinary !Bordeaux mixture it is only 
when the deposit dries up and lifpiid com- 
munication botwo ’ r Fme and 

i-j.k-.!;; !.'• ■ copper 

-::i . carbon 
di-'xiifi;. i;- ^ -cannot 
remain very long as such, on tho leaves for it is 
gradually cojiv(,irted into carbonate by tho 
calcium carbonate present. 

It has f)cen shown that carbon dioxide 
at tho low presHuro at whiob it normally exists 
in tho air, does jiot react with tlio basic 
Hulphatcw .so as to liberate permanciutly the 
amount of eofjjiei- snljffiato iudiciUfid in ihe 
above equations ; but carlton (jioxido is evolved 
in largo quantities from foliage,' and tho reaction 
actually occurring probably approximates to 
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that indioated. Judging by the fungicidal 
results, the proportion of soluble copper liberated 
from the compound 10OuO,SO^ is six to twelve 
times that liberated from ordinary Bordeaux 
mixture ' - ■■r- ’ -o weight of copper, 

instead ' ■ ' ! . ■ ■ ach, as experiments 

with p:. ■ ■ ■ I suggested. This 

superior efficiency of lOCuOjSOg has led to its 
introduction on to the market in the form of a 
paste. The absence of solid particles of lime 
which clog the sprayi 

of the labour of hoi ■ . , . . . . ' 

tages claimed for it ; but important advantage 
probably consists in the reduction of the amount 
of copper distributed over the land by the 
spraying. Seedling plants are remarkably sensi- 
tive to the toxic action of copper, the effect of 
one part of the metal in 10,000,000 of ivater 
being recognisable on barley seedlings. Copper 
carbonate is soluble in rain water to a much 
greater extent than this, and the amount of 
copper reaching the soil in a single spraying 
would be sufficient to convert the soil-water in 
the upper nine inches into a solution containing 
enough of the metal to render it markedly toxic. 
So far as casual observations go, no deteriora- 
tion of soil has been observed as a consequence 
of Bordeaux that the 

ultimate conipc ' ■ ■ ■ metal must 

be a body less , . bonate, but 

until more is known on the subject it is eminently 
desirable to diminish the accumulation of copper 
in the soil as much as possible. Herbage under 
trees may also become poisoned by copper 
spraying. Rormer experiments on this point 
had indioated that no such danger existed, but 
an instance has occurred in which a large number 
of sheep were killed by copper poisoning in a 
grass orchard which had boon sprayed. Fruit 
should not be sprayed with copper within 5 or 
0 weclis of its ripening. 

Various dried Bordeaux mixtures are in use 
as substitutes for the ordinary mixture. They 
consist mainly of the basic sulphate JCuOjSOj, 
and generally contain some soluble copper. 
The amount of soluble sulphate liberated from 
them by the action of carbon dioxide is much 
less than that indioated by their composition, 
the comparatively large particles of which they 
are composed becoming encased in the carbonate 
formed, thus preventing the completion of the 
action. They are comparatively dense powders, 
which renders them inferior as spraying 
materials. 

Copper carbonate itself is sometimes applied 
direct to the trees, as a substitute for Bordeaux 
mixture, and is known as soda Bordeaux. It 
is made by mixing 1-84 lbs. of crystallised 
sodium carbonate with I lb. of copper sulphate 
to malco 10 or 20 gallons of wash. The precipi- 
tated carbonate consists of 5CuO,2CO.j, some of 
this (to the extent of 0-003 p.c. of copper) re- 
maining dissolved, while more copper is found 
in solution, if either a smaller or larger pro- 
portion of sodium carbonate is used, a cupri- 
carbonato being formed in the latter case. The 
precipitated carbonate soon becomes granular 
and compact, changing into malachite, 2 Cu 0 ,C 02 , 
so that th(? wash should bo used at once after 
being made. The large amount of copper con- 
tained in it is a disadvantage, and the acid sodium 
carbonate, present as one of the products 


of the reaction, is liable to injure delicate 
foliage. 4 , 

The addition of treacle to Bordeaux mixture 
has been advocated as a moans of rendering 
some of the copper soluble and also of increasing 
its adhesive properties. If the mixture is 
made with pure materials, the copper present 
dissolves in the dextrose of the treacle, either 
entirely or partially, according to the propor- 
tions, to give a violet solution which begins 
decomposing almost at once with the liberation 
of cuprous oxide. Such a mixture may either 
be very rich in dissolved copper or may consist 
of nothing but cuprous oxide, and is clearly 
very unsuitable for a spray fluid. 

Numerous other copper compounds have 
been tried as substitutes for Bordeaux mixture, 
but without much success. Several of them are 
cuprammonium compounds which present diffi- 
culties in preparation of definite strengths, and 
there is much risk with them of the ammonia 
injuring foliage. Copper sulphate itself may 
be used, up to a strength of 0-25 p.c. copper, oh 
trees while dormant. 

C. Detergent washes. Lime-washing the 
trunks and main branches of trees has long 
been practised as a means of 
and reducing insect attacks. ! . ■ 

of caustic soda for the lime produces more 
satisfactory results, and permits of the whole 
tree being treated by spraying. A wash con- 
taining 2| ]).c. of caustic soda is recommended, 
and its efficacy is further increased, both as a 
detergent, and still more as a direct insecticide, 
by the addition of about 6 p.c. of paraffin oil, 
this being emulsified with it by the agency of 
the basic sulphates of iron or copper. A recipe, 
the origin of which is unknown, is very widely 
circulated, in which about half of the above 
quantity of caustic soda is supplanted by an 
equal Aveight of potassium carbonate ; but it 
has been proved that the latter is practically 
valueless as a detergent, and the use of it merely 
entails lo.ss of money and efficiency. 

Gases. 

Hydrocyanic acid is used in the fumigation 
of hot-houses for the destructioti of plant 
lice, &c. ; it is also used in many countries for 
disinfecting imported nursery stock, and in 
California it is applied to peach trees in planta- 
tions for scale, each tree being covered with a 
tent during the operation. To avoid danger to 
the operator, potassium cyanide is wrapped up 
in paper, and lowered from outside by means of 
a string into a jar of dilute sulphuric acid. 
This is not always satisfactory, as the paper 
sometimes becomes converted into parchment 
paper and the cyanide becomes coated with 
potassium sulphate, which arrests the action. 
A better method is to enclose the cyanide in a 
little zinc canister made for the juirpose and 
place the Avhole in the acid. For each 100 cubic 
feet of space, to J oz. of ‘ lump ’ potassium 
cyanide is used, and for each ounce of the 
cyanide, one liquid ounce of acid previously 
diluted Avith .3 to 4 ounces of Avatcr. ‘ Stick ’ 
cyanide contains only 40 p.c. of potassium 
cyanide, and ■■■ ■ ■“ ' ’ larger quantities 

of it must be .. sodium cyanide is 

taken (Avhich is preferable on account of its 
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being more easily soluble), the above quantities 
muf-4 bo reduced by 25 p.c. Hydrocyanic acid 
is liable to cause some injury to young plants, 
and in fumigating these they should not be 
exposed to the direct stream of gas as it ascends 
from the generating vessel. Its action in 
destroying insect eggs is somewhat uncertain, 
and in the case of green-houses it is often neces- 
sary to repeat the fumigation after a fortnight’s 
interval, to destroy insects which have hatched 
out from the eggs. For freeing nursery stock 
from woolly aphis, an advantageous substitute 
for fumigation is to immerse the trees bodily in 
water at 115°F, for 10 minutes. 

Sulphur, as already mentioned, probably 
acts as an insecticide owing to its volatility, and 
it is often used for fumigating houses by heating 
it, taking care not to let it catch lire. Smoulder- 
ing tobacco and pyrethrum are used in the 
same way. S. P. U. P. 

PLASMON. Milk casein made soluble by 
alkalis. 

PLASTER OF PARIS v. Calcium. 

PLASTIC CLAY v. Clay. 

PLATINOTYPE PROCESS v. Piiotogbapiiy. 

PLATINUM. Sym. Pt. At. wt. 196-2. Lithe 
group of the platinum metals are included 
idatinum, iridium, rhodium, palladium, ruthe- 
nium and osmium. They are almost entirely 
obtained from the crude ‘platinum’ which, 
originally present in traces in the older plutonic 
rocks, has become concentrated in the alluvial 
deposits derived from their disintegration. 

The crude platinum is found in these allu- 
vials as water-worn, rounded or flattened grains 
or nuggets or, very rarely, as cubes or octa- 
hedra, together with brighter, almost micaceous 
flakes of the alloy of iridium and osmium Icnown 
as osmiridium or iridosmino. True nuggets are 
extremely rare, although one from the Urals, 
weighing over 260 oz., is exhibited at the 
Domidoil museum in St. Petersburg, and one 
weighing abotit 24 oz. has been found in 
Colombia. Platin-iridium, an alloy of plati- 
num and iridium, practically free from osmium, 
is also commonly asHOciated with the ordinary 
crude — vqj, native palladium occurs 

with . ■ . .. and in association or alloy 

with ,, . . the Republic of Colombia, 

the Harz, &c., and in copper-nickel ores in 
Ontario, Wyoming, &c. 

Chromite, miignetite, ilmonite, and other 
heavy minerals which occur in serpentines and 
other alteration products of the jiarent rocks, 
are also found together with gold, in a.sKociation 
with the crude platinum, but it is curious that, 
although gold and tin commonly occur together 
in alluvial deposits and, like the rare minerals 
tantalite, columbite, molybdenite, monazite, 
&c., are derived from plutonic rocks similar to 
those yielding platinum, they do lujt commonly 
occur in alluvials which are sufficiently rich to 
bo worked for that metal. 

Platinum occurs in minute traces in most 
river beds the sands of which come from the older 
rocks, and has been found in dolomite, barytes, 
wollastonito, and many other rock-forming 
mitierals produced by the metamorphism of 
such rocks, and in the metalliferous minerals 
associated with them. The presence of copper 
and iron in alloy with platinum in most varieties 
of crude platinum from the most widely separ- 


ated districts is interesting, and the fact that it 
has been found in meteoric iron with nickel and 
in the cupriferous nickel ores of Sudbury in 
Ontario is deserving of special mention. The 
actual commercially workable sources of plati- 
num are extremely limited, and there is no 
reason to anticipate the discovery of any new 
fields which are likely to add materially to the 
production except as by-products from smelting 
operations. 

Crude platinum commonly contains sufficient 
iron to be magnetic, so that it may be separated 
roughly from osmiridium by a carefully regu- 
1 ated ’ ' ■ ■ . " separator, but the 

danger : , removing platinum with 

the magnetic or slightly magnetic iron sands, 
&c., which would require to be first removed 
from roughly dressed alluvial by a comparatively 
weak magnet, is likely to prevent the use of 
olectro-magnctic separators on a commercial 
scale. 

As platinum does not amalgamate with 
mercury, the removal of native gold from native 
platinum is a simple matter, but this very 
fact results in the loss of much of the latter 
metal in alluvial workings where platinum 
occurs in small proportion as compared with 
the gold and is, in too many cases, allowed 
to pass away with the waste from the 
amalgamation. It is impossible to estimate 
the extent of this loss, but it is a fact that 
increasing proportions of platinum and th(! 
allied metals arc being recovered in the 
refining of bullion obtained from alluvial gold, 
and that all ordinary refined gold contains 
platinum and iridium. From this source and 
from the treatment of the matte* from the 
smelting of ' ’ '■ ''■■udbury; — 

where the '■ arsenide, 

PtAsa) occurs witn lucltelilerous jjyrrhotinc — 
of the copper ores of Wyoming, and of the ores 
of lead and silver which ciommonly contain 
platinum in traces, a considerable increase in 
the production of the platinum metals may bo 
hoped for; but there is no reason to expect any 
material increasti over the present alliivial 
output, and no ore in situ rich (inongh in plati- 
num to justify direct treatnuiiit for its recovery, 
has yet been discovered. The fact that plati- 
num ciinnot be amalgamated with mc*r(inry or 
profitably extracted by alkaline cyanide, 
renders it impossible to treat platiniferous ores 
similarly to gold ores, even if they occurred to 
the same extent and were of the same* richiufss 
as the latter. In this connection, it may be 
stated that the United States (leologicuil Survey- 
Report on the Production of Platinum, &C!., flir 
1910, {intimated tlui production of platinum in 
the United States from the refining of bullion 
in 1910, as about 600 oz., a large increase on 
the recovery from that source in 1909. 

Selected platiniferous nickel ore from Sud- 
bury and thci cojiper-nickel matte obtained 
from tlio smelting of the ore, have been treated 
by the Port Orford Copper Company in the 
United States find by others, for the extraction 
of platinum find the allied metals, and there is 
good reason to hope that a sulfstantial increase 
in their production will bo obtain*d from this 
and similar sources. 

It is imjfOHsible to ‘ statis- 
tics as to the total w ■ ' ; ■ ' f eitlu-r 
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crude or refined platinum. The official figure for 
Russian production of crude platinum in 191 U 
is 176,716 oz., but it is stated that the actual 
production was about 275,000 oz. and it has 
even been given as over 300,000 oz. In other 
countries, the statistics commonly include much 
old platinum which has been worked up, while, 
in some cases, part of the official figures are for 
real platinum and others for crude, i.e. for raw 
alluvial concentrate yielding anything between 
60 p.c. and 80 p.c. of platinum with per- 
haps 10 p.c. of other metals of the platinum 
group. 

The following figures issued by the United 
States Geological Survey in November, 1911, 
include probably the most accurate estimates 
of the production of the principal producers in 
1909 and 1910. The production is given in 
troy ounces of crude platinum (which may be 
taken as roughly containing 70 p.c. of platinum), 
except in the case of the United States matte 


and bullion, where the figures given naturally 
refer to refined platinum : — • 


Russia .... 

1909 

264,000 

1910 

275,000 

Republic of Colombia . 

6,000 

10,000 

United States, domestic crude 

672 

390 

United States, from foreign and 
domestic matte and bullion 

600 

1000 

Borneo and Sumatra . 

500 

200 

New South Wales 

440 

332 

Canada .... 

30 

30 


272,242 286,952 

The following analyses are sufficiently 
typical to indicate the general character of crude 
platinum, &c., from various localities. They 
are somewhat old (the first five being by Deville 
and Debray) and the ruthenium has been 
ignored except in the case of the osmiridium, 
but they are probably as trustworthy as any 
which have been ijublished ; — 


— 

Pt 

Ir 

Os 

Rh 

Pd 

Ru 

Au 

Cu 

j Fe 

Oami- 

ridium 

Sand 

Crude Platinum 












Choco (Colombia) 

86-2 

0-S5 

— 

1-40 

0-60 

— 

1-00 

0-60 

7-80 

0-95 

0-95 

California | 

85-6 

1-05 

— 

1-00 

0-60 

— 

0-80 

1-40 

6-75 

1-10 

2-95 

79-85 

4-20 

— 

0-66 

1-95 

— 

0-55 

0-75 

4-45 

4-95 

2-69 

Australia 

6] -40 

MO 

— 

1-85 

1-80 

— 

1-20 

MO 

4-55 

26-00 

1-20 

Urals 

70-40 

4-30 

— 

0-30 

1-40 



0-40 

4-10 

11-70 

0-60 

1-40 

„ (Nischnei- 
Tagilsk) 












75-10 

2-60 

2-30 

3-50 

MO 

— 

0-40 

1-00 

8-10 

0-00 

— 

Borneo . 

70-21 

6-13 

1-16 

0-60 

1-41 

— 

— 

0-34 

5-80 

— 


Platin-iridivm 












Urals 

19-04 

76-85 

— 

— 

0-89 

— 

— 

1-78 

— 

— 

— 

Brazil 

65-44 

27-79 



6-86 

— 

— 



3-30 

4-14 





Osmiridium 












Urals 

10-08 

66-24 

27-23 

1-61 

trace 

6-86 

— 

trace 

trace 

— 

— 

California 

— 

53-60 

43-40 

2-60 

— 

0-50 

— 

— 

— 

— 

— 

Australia 

— 

58-13 

33-46 

3-04 

— 

6-22 

— 

0-15 

— 

— 

— 


The purest nugget yet analysed contained 
8G’5 p.c. of platinum. They usually contain 
between 70 p.c. and 85 p.c., iron being the princi- 
pal impurity, although coirper is invariably 
present. In one nugget from the Urals, 19'6 p.c. 
of iron has been found. 

Crude platinum is separated from alluvials 
by ordinary hand sluicing or dredging opera- 
tions, and may be regarded as a by-product in 
gold dredging in the United States, Canada, 
Colombia, and many other districts, and as the 
main product in the Urals which, from five 
districts, is stated to produce about 95 p.c. of 
the world’s output. In the Urals, about 80 p.c. 
of thp total yield is at present obtained by hand 
sluicing, but dredging is likely to largely sup- 
plant hand work in the near future. 

The metal occurs in an eroded peridotite 
covering a large area, but, although increased 
activity has arisen through the rise in the price, 
production is almost stationary, and any 
increase must bo dependent upon dredging 
operations dealing with deposits too poor to 
permit of treatment except on an enormous 
scale and under more economical conditions. 
A large proportion of the total production is 
smuggled across the frontier, and it is believed 
that the officially certified output of 176,716 oz. 
of crude platinum for 1910, should bo increased 


by at least 100,000 oz., to allow for such illicit 
and other additional production. 

It has been stated that the alluvial treatinl 
in Russia averages between 30 and 35 grs. of 
crude platinum per ton, but this probably 
refers to the material actually washed by hand 
labour and ignores the overburden which has 
first to be removed. It is probable that the 
material actually handled averages under one- 
third of that amount, or well under one part 
per million. 

Apart from Russia, the most important 
producer is the republic of Colombia which in 
1909 yielded, from two districts on the Pacific 
side of the state, about 6000 and, in 1910, about 
10,000 crude ounces. The output of platinum 
in Colombia is, however, so small in comparison 
with the gold, which constitutes the main 
value of the alluvials, that the industry has not 
hitherto been regarded of especial importance, 
although the total production to date is stated 
to have exceeded half a million ounces of crude 
platinum and although platinum was obtained 
from Colombia or, at any rate, from South 
America, nearly a century before it was dis- 
covered in Russia. 

In 1819, grains of a white metal were found 
in the auriferous gravels of the Urals, and in 
1823, the metal was proved to bo i/latinum. 
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Prom 1825 to 1845, the Ru.ssian Government 
absorbed all the output for their coinage hut 
in that year such coinage was discontinued, and 
a heavy fail occurred in the price previou.sly 
commanded by Colombian platinum and, untd 
recently, platinum has only been produced in 
South America by natives operating with the 
crudest appliances and only when necessity 
compelled them to work. 

The platinum industry is practically con- 
trolled by three firms, Johnson, Matthey and 
Co., of London; Heraeus and Co., of Banau; 
and Quennessen de Belmont, Legendre and Co., 
of Paris, who purchase and refine practically 
all the Russian output and a largo proportion 
of the small quantity produced elsewhere. It 
is true that two firms in St. Petersburg refine 
between GOOO and 10,000 oz. yearly, and that 
between 6500 and 0000 oz. is obtained yearly 
in the United States from home and imported 
crude ore, matte and bullion, but the whole 
forms an extremely small proportion of the 
nn.OOOq OJ5. Tho 
■ are present 

ir recovery, 

V ■ and high 

marhet value, is entirely dependent on the 
amount of crude ’ ’ y the miner 
or concentrated ■■ . the skill 

with which it is tallurgist. 

It is interestii ^ i ■ .Johnson, 

Matthey and Co., who introduced autogenous 
soldoring with tho oxy-hydrogen blowpipe and 
who are still the largest refiners of tho metal, 
wore the first to engage in the industry as a 
commercial enterprise and have throughout 
been the most active in introducing improve- 
ments in the metallurgical and chomioal treat- 
ment of crude platinum, in producing the 
various j)latinum metals in a state of purity or 

as alloys of dof-*-"^ — for sjjccial 

uses, and in ' : ■ . ■ ■ ' ■ ' Ijoth the 
commercial anc : . e industry. 

Prom the point of view of tho analyst and 
physicist, probably no rare metals are of such 
importance in their work or so difficult to obtain 
in a condition suitable to their requirements. 

At the close of tho eighteenth century, 
Marggraf, Achard, and others prepared a plati- 
num crucible by igniting an alloy of platinum 
and arsenic, and hammering up tho mass of 
malleable platinum thus left and, for some 
years from 1787, Joanety, a working silver- 
smith, employed tho method commercially in 
Paris. Tho metal was, however, very impure. 
It failed to withstand high temperatures and 
was unsatisfactory for tho fusion of alkaline 
carbonates. Tho precipitation of tho double 
chloride of platinum and ammonia, and the- 
presenco in it of the rod iridium salt, were 
known even at that poried. acd Count Pusch- 
kin, Vice-President o; hep,; of Mines 

of St. Petersburg, referred to it in 1797 as well 
Imown and, at the same time or a year or two 
later, suggested tho use of tho precipitate as a 
means of ineparing pure platinum after first 
converting it into an amalgam with mercury. 

Between tho years 1800 and 1808, Thomas 
Cock, a relative of a grandson of tho founder of 
the firm of Joh: i'.i'ii ■'■!(■■■.■ and Co., elabor- 

ated the method <■: ii.-. 'd l ii.i: the crude metal 
in aqiia regia, :g i; as tho doulJe 


chloride of platinum and ammonium, and 
igniting the washed precipitate to spongy 
platinum under conditions which render it 
suitable for being hammered and worked up 
into crucibles, &c. This process, which was 
afterwards commonly Imown as Wollaston’s, on 
account of his having described it, with many 
— .-. j. Bakerian lecture for 1828, 

. in many works on Chemistry, 
and is tho basis of all present methods of re- 
fining platinum. Tho platinum thus obtained 
may contain as much as 2 p.c. of iridium with 
traces of other of the platinum metals, and is at 
least as 'V ; ’ d'- ; ■ ■ ■ ■ ; ■ 

num. ' ■ ■ . 

treatment, contain osimridium, and various 
impurities, such as chromite, zircon, spmel, &c., 
originally present in tho crude platinum, while 
tho mother-liquor from tho double platin- 
ammonium precipitate contains most of tho 
rhodium, palladium, and ruthenium, together 
with a small proportion of tho iridium and 
osmium. Tho insoluble matter and the mother- 
liquor are both worked up for tho separation of 
these metals, as stated later. 

The important and increasing production of 
tho platinum metals through concentration 
during tho ‘ bessemorisation ■ ' '' ' ' '■ I;'": 

treatment of copper ores a ■ . i , ■ ' 

the matte obtained from tho nickel-copper ores 
of Sudbury, Ontario, and from tho arsenical 
cobalt nickel ores, associated with native silver 
in tho Cobalt district of Ontario, has already 
been mentioned. These! and other metal- 
lurgical operations in which tho precious metals 
become .‘■r.l 'u'.'illy rru trated in a product 
requiring .■'■■■■■ n i; : b ■ ■■ acid 

treatment, are tiio only ■ ■ ■ ■ . any 

substantial increase in tho output can bo 
expected, but they are sufiiciently promising 
to deserve special attention from both metal- 
lurgist and chemist. No trustworthy information 
is available as to the exact i)rocedure, but it 
appears to bo mainly confined to tho treatment 
of the anode mud oi)taincd during tho final 
electrolytic purification of the metals or the 
residue left by the acid or other treatment oi 
tho matte. Tho ‘ mini ’ or residue contains the 
gold, silver, and platinum metals together with 
selenium, bismutli, &c., and is melted down 
and refined )jy ordinary chemical procoHses. 

In 1910, over 21()0 oz. of palladium, in 
addition to 1000 oz. of platinum and an un- 
known amount of iriefium, riindium, and 
rutheniurr.. w.-rr pr.-iducf'd fi' ihe United States 
from the uvm. i bnll'i);; and matte, the 
latter of which was largely obtairmd frenn the 
Ontario ores. 

Platinum is a tin white metal, harder Buur 
copper, capable of taking a higli polish aiul, 
when, pure, ranking next to gold and silver in 
malleability and cluotility. Its sp.gr. is 21-4fl 
(G. Matthey). It melts at 1710°-]- 50° as deter- 
mined with a resistance pyromiB-r by Barker, 
or at aljout 1753° as flelerrnined \vi( h tho optical 
pyrometer by Warduer and Burgess. It is 
stated ))y Kuocke to comm(!uce to volatilise 
in vucu6 at 540°, while, according to Bulctt and 
Berger, volatilisation commences at (Sk00° in air, 
but docs not occur in tho aijsencc! of oxygen, 
Tho extent of such volatilisation is, however, 
still doubtful and, uiidcr normal conditions, is 
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a matter of only slight technical importance, 
except in so far as it emphasises the necessity 
for cleanliness of utensils and special care in the 
method of heating and in ensuring perfect com- 
bustion of the fuel. The loss experienced with 
pure platinum vessels at the strongest heat to 
which they are ig known 

to be negligible, ' i volatilised 

it and the other platinum metals, in the electric 
furnace. 

The expansion of platinum when heated, is 
less than that of any other single metal, its 
coefficient of linear expansion being ‘00000907 
at 50° according to Pizeau, or ‘OOOOllSO at 
1000° according to Le Chatclicr. This expan- 
sion being about equal to that of ordinary glass, 
has resulted in the use of platinum for a largo 
variety of electrical purposes, and there is a 
constant increase in the gross consumption for 
the leading-in mres of electric lamps, although 
improvements in the construction of the lamps 
themselves have resulted in less platinum being 
employed per lamj). For the same reason, i.e. 
because its expansion is about equal to that of 
the materia] of wliich the best artificial teeth 
are made, very large quantities of platinum 
are used in dentistry, in addition to its employ- 
ment in alloy with silver. Its high melting- 
point and great electrical resistance, and the 
absence of oxidation, render it the best medium 
for localis' ” ’ ' . ' ’ ' : 

current in ' ■ .■■ ■ . 

whore efficiency and convenience are more im- 
portant than saving in cost. 

Although the most useful of all metals for 
general scientific purposes, it is attacked by 
many reagents which would scarcely be expected 
to have any action upon it, and the greatest 
care is essential in its use. Practically all other 
metals will alloy with it, and all — excepting 
certain of the other platinum metals — lower 
its melting-point. For this reason, no metal ox 

metallic com " “ ’ 

agent should ■ . . ■ . . 

sulphides, or arsenides, or arsenates or phos- 
phates (in presence of a reducing agent or, 
practically speaking, under any circumstance) 
be heated in it. Caustic alkalis or alkali 
nitrates or the alkaline earths or peroxides or 
per-salts generally should also not be fused in 
it, a^ they attack and ]partly dissolve the metal 
as well as tend to render it permanently brittle. 

The action of many salts and mixtures of 
salts on platinum is somewhat obscure. Fused 
ammonium sulphate or the halogen salts of the 
alliali metals have little or no action upon it, 
but a mixture of this sulphate with ammonium 
or potassium bromide, corrodes it ra2fidly. 
The alloys of platinum and iridium are more 
resistant to ignition and to corrosion, &c., by 
reagents than pure platinum, but it is stated 
that platinum vessels containing 3 or 4 p.c. of 
iridium are more liable than pure platinum to 
form a covering of soot from illuminating gas 
and to be more corroded thereby. The neces- 
sity for care in ensuring perfect combustion 
when using water-gas or gas containing carbon- , 
monoxide, is well known, although the cause 
is not clear. It may possibly bo due in some 
degree to the presence of iron carbonyl as well ■ 
as to the imperfect combustion of the carbon 
monoxide. 


, I The power of platinum (referred to later) 

• occlude gases, has doubtless much to do wii 
i the lirittlcness which the metal acquires ir use 
without due care and without frequent burnis] 
ing to overcome the poro.sity which, at fir 
only superficial, gradually extends to tl 
interior, if not overcome by frequently rubbii: 
down the surface. Acid salts and pure unmixe 
acids are practically without action upon i 
and the demand for platinum for sulphuric aci 
concentration has accounted in the past fc 
the locking-up of more of the metal than an 
other use. The first largo piece of xdafinui 
apparatus for this purpose was made by Messr 
Johnson, Matthey and Co. It was capable c 
holding 300 lbs. of sulphuric acid and was en 
ployed over a hundrecl years ago by Sandma 
in the Borough. Since the Paris Exhibition c 
1855, when tlie makers exhibited a gold-line 
platinum still, Mr. J. S. Sollon, one of th 
directors of the firm, has superintended th 
manufacture of hundreds of stills aggregatin 
nearly 50,000 oz. in some years. 

Of late years platinum has been large! 
replaced in sulphuric acid concentration b; 
gold, and, more recently, by silica-glass ox 
where the presence of traces of iron is unim 
portant, by vessels of specially resistant alloy 
of iron and silicon, such as ‘ tant-iroju’ Its us' 
in dental alloys, although always largo, become 
substantially reduced when the price rises, S( 
that much of the metal which would otherwisi 
become permanently locked-up, is released fo: 
other uses ; while the emiiloyment of platinun 
and its alloys for self-lighting lamps — ai 
extremely old use which became again fashion 
able during the last decade — has apparentl] 
been finally given up in favour of spirit lamp'f 
ignited by the spr. : • ’ ■■■ allox 

containing cerium ■ ... I steel 

On the other hf; ■ .,. ■ ' a ■ blael 

as a catalysing agent (as referred to later) in the 

manufacture of sulphuri" • ;■ 

rapidly and is causing the . ■ ■ . ■ i ■ 

large quantity of the metal; winle its use in 
electro-chemistry and iryrometry and in the 
sxrarking plugs of explosion engines, and the 
collectively large and constantly" increasing nsf 
of small pieces of iilatinum apparatus, add 
largely to the demand. 

Perhaps the most serious and almost per- 
manent loss of platinum is in the enormou.s 
consumption in dentistry, which is stated t(.) 
account for over (10,000 oz. annually. An 
increasing amount is used in jewellery, and at 
least two-thirds of the large quantity employed 
in the lamp and other electrical industries is 
permanently lost. ' • ■ -rocess of 

1 . , ■ . salts in 

■ ■ ' 1 ■ ■ ■ . ■ ■ jKjttery, 

&c., also account for an increasing and very 
considerable permanent loss of the metal. 

The power of absorbing gases, possessed b\'- 

'-jth purely 

. Although 

■ , absorbing 

gases and is even porous to them, the value of 
the metal in this connection is mainly seen 
when it is in the form of spongy platinum or 
platinum black. Solid platinum will absorb 3‘8 
volumes of hydrogen gas at a red heat, and the 
gas will pass through platinum tubes at bright 
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redness. The fact that many other gases and 
vapoury are similarly adsorbed or occluded by 
this metal, has been taken advantage of in the 
glow-lamp of Davy and the lamp of Dobereiiaer. 
In each, the simultaneous occlusion of a com- 
bustible gas or vapour and oxygen from the air, 
brings the two into such intimate contact as to 
induce immediate combination. The heat of the 
combustion in the ‘ pores ’ of the metal, causes 
incandescence of the wire spiral in the ease of 
the lamp of Davy or of the platinum sponge in 
the Doberoiner lamp. 

By careful adjustment of the conditions, 
either complete or partial oxidation may bo 
attained, and many oxidation processes may be 
carried out automatically with suitably pre- 
pared platinum. One of the earliest to be tried 
on the commercial scale was the conversion of 
alcohol into acetic acid. 

The preparation of platinum sponge and 
platinum black for catalytic x«irpo.scH, requires 
care and experience. For the manufacture 
of the former, the double chloride of platinum 
and ammonium is ignited to drive off the 
ammonium chloride and the chlorine combined 
with the platinum at the lowest possible 
temperature, so that the sponge shall retain 
the maximum surface; or asbestos, pumice, nr 
other porous material may be sakirated with 
platinum chloride aiid iiiat a still 

larger surface is 1.’:..; ii ii.';! black, a 

far more active form of biie metal, is obtained 
as a finely divided residue, by treating alloys of 
l^latinum and soluble metals with dilute acids ; 
or, hotter, by pree-riit'd "’■.o platinum from a 
weak solution (if lis; ci; I-; ■!■!(!(■ with a reducing 
'agent. Platinum black is capable of absorbing 
over 800 times its volume of oxygon, a portion 
of which ajjpears to enter into combination as 
platinum hydroxide. It forms an extremely 
powerful oxidising or catalysing agent and is fre- 
quently used as such in organic chemistry, but it 
rapidly loses a jjortion of its activity and becomes 
denser and of the nature of spongy platinum. 

The only largo scale catalytic process in 
which platinum is employed, is the ‘ contact ’ 
process, in which sulphuric acid is manufactured 
direct from a mixture of sulphuroTis acid gas 
and air. This process, although long known, 
was not employed commercially until a doman{l 
arose for the strongest possible sulphuric acid 
for the manufacture of dyes, explosives, &c. The 
cost of evaporating the weak acid from the 
lead-chamber process or of preparing Nord- 
hausen acid, and the increasing requirements of 
the trade led, however, to such imxwovemonts 
that ‘ contact ’ acid can bo obtained of any 
necessary strength in terms of SOj dissolved in 
11.^804 (v. SuiiPHURKJ ACID). 

" The diffloulties duo to the rapid falling-off 
in the activity of the spongy platinum employefl 
as the catalyser, have now been larg(jly over- 
come, and the working up of the exhausted 
metal into fresh sponge has lieon simplified. The 
fact that arsenic rapidly ‘sickens ’ the platinum, 
has resndered it necessary to remove that im- 
purity from the sulphurous acid gas before 
oxidation, and the succcfss which has attended 
such treatnumt has rfisulted in the production 
of acid remarkably freto from arsenic and, at 
the same time, allowed the use of pyrites more 
arsenical than was previously permissible. 

VoL, IV.— 2'. 


Such purification is largely effected by the 
use of iron oxide which, while removing arsenic 
with formation of ferric arsenate, oxidises much 
of the sulphurous acid. Many other oatalysers 
have been employed with success, but none 
result in so complete a conversion of the sulphur 
dioxide into the trioxido and, oven when they 
are employed, the aid of spongy platinum is 
generally required for the completion of the 
reaction. 

The electrolytic action induced by the 
presence of a minute trace of platinum has a 
remarkable effect in promoting the solution of 
many metals in acid or other solvents, and in 
increasing their activity as reducing agents, &c. 
As platinum is so readily reduced by metals, 
the addition of a few drops of platinum chloride 
to the solution in which the metal lies, will 
often suffice for a largo quantity of metal at a 
negligible cost, so that the application of this 
property which, although well known, has not 
yet been commercially employed, is well de- 
serving of attention. 

Although jilatinum can bo readily alloyed 
with most metals, the alloys of industrial 
importance or even of scientific interest are 
few. As a rule, the qualities which render 
platinum valuable in the arts are destroyed 
’ ■■ ■■ of other metals, oven in 

' ■ ■ . and the addition of small 

fcinum to other metals residts 
in no improvement. The alloys of gold and 
platinum are of little importance, althougli of 
considerable interest on account of the fact that 
all bullion contains at least a trace of platinum, 
and that bullion is now largely treated electro - 
lytically for its recovery in the United States 
and Germany. An alloy containing 70 p.o. of 
gold and 30 p.c. of platinum is only slightly 
yellow while, when more than 35 p.c. of platinum 
is i)resont, no sign of yellow colour appears. 
Platinum and other platinum metals have a 
curious tendency to separate from their gold 
alloys, a fact which is noticeable when assaying 
gohl bullion, whore iridium, oven when present 
in traces only, tends to pass to the bottom of 
the gold bead during cupellation. Matthoy 
has pointed nut that j)latiiuim conoentrates 
towards the centre of an ingot oast from gold 
platinum alloys, so that great difficulty is expe- 
rienced in the sampling of platiniferous bullion 
such as is obtained from many alluvial gold 
concoutrates. 

Thci platinum-silver alloys are of interest on 
account of their use in dentistey and, to sonu* 
extent, as a sold((r for platinum, but maiidy 
because the solubility of platinum so alloyed 
in nitric acid, and the insolubility in sulphurio 
acid, arc utilised in the separation of platinum 
from gold and in the assay of ores supposed i,o 
contain platinum. For the latter purpose, an 
ordinary fire assay is performed exactly as for 
a gold ore, so that the jfiatinum b(‘com(!S 
collected in a button of lead together with any 
gold and silver which may be present. Aft(!r 
the lead has been njraoved by cupellation, 
the silver may b(^ removed (leaving tlio gold 
and platinum) by heating with snlphurie 
acid diluted with aliout one-fifth of its*volume 
of water, or both the silver and jdatinum may 
bo entirely dissolved (leaving the gold), by 
heating with dilute nilric acid, 'ro (’insure 

X 
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complete solution of the platinum in nitric acid, I it is doubtful whether they really exist (Wuhl 
not less than 10 parts of silver to 1 of platinum lx.). The hydrated platinum .se.sqmoxidg 


must be present. UtoOgja-H.jO, 

The alloys of platinum and iridium are of intermediate between the two forf^KoiiiK h 
great value and of increasing importance. The droxidcs, has been prcqiarcd by Wohler ai 
presence of even a small quantity of iridium in Martin (Ber. 1900, 42, 3058). 


presence oi even a sman quaumey oi irxuium xn 
platinum increases its hardness and generally 


Platinum trioxide PtOs is formed when t; 


adds to its resistance to heat and to corrosion hydrated dioxide is electrolysx^d in a 2N solutic 
by reagents. The alloy containing 10 p.c, of of potash fit 0°. A brillifint golden-yellcj 
iridium has exceptional properties in these substance of composition 3PtO„,HyO sep’arat 


respects, and has been employed in the manu- at the anode, and the trioxido can Ixo isolatf 
facture of standard weights and measures^ and, by ■ - -'b iH -with very weak acirl 

substancf! which los 


with pure platinum, for the thermo-couples of It ' ■ substiimxf!' which los 

pjTometers. An alloy containing 10 p.c. of oxygen readily, but is searcfdy fittficked 1 
iridium was employed by Mr. George Matthey dilute rainei'al acids. Most reducing agen 


"dard measures of length reduce it to platinum black. It lilier.ites iodii 
Standards Committee, from potassium iodide, but Ims litlki elhiet < 


He afterwards recommended a 15 p.c. alloy for alcohol, acetic acid, or many oxidisfible orgfui 
that purpose, and a 20 p.c. alloy as the best for substances. Many of th(! hitherto observe 
standard weights. Both show extremely high reactions of ])l!itinum are said to bfx due to 1,} 


values for elasticity, malleability and ductility, formation of this oxide (Wdhhu’ find Marti) 


and their uses are merely limited by their cost. Ber. 1909, 42, 3320 ; mi also Giaibe, ^ifntsel 


Although all the compounds which platinum Elektrochem. 1910, 10, 021) 


forms with the non-metals are decomposed by Halogen compounds. Platinum dichloride 


heat and commonly also by reducing agents, platinous chloride PtCl. is formed b\' hf>fitiri 
this metal probably forms a larger and more platinichloric acid fljjPtCla to 300'', or b 


interesting series of salts than any other of the heating spongy idatinum in a current of dr 
noble metals, its double salts with the alkalis chlorine at 240'''’-250'" (HchutKfmbmger, Am 


and alkaline earths being especially interesting. Chim. Phys. 1870, fiv.J 21, 351). ’ It is 

G. T. H. greenish-grey insoluble ' powd(‘r, sp.gr. TnK 


Platinum Compounus. clecompoHCH on hcfiting into it 

elements (Shenstone, (Jhem. »Soe. Iriuw. 1891 
Oxygen compounds. Platinum monoxide PtO, 450). 
which gives rise to the platmous salts, is formed It readily combines with ifhosphorus 1 r: 
as a grey powder when the hydroxide is ignited chloride, forming the compoundH i‘t(;i,„P(!l 
carefully; or as a violet powder by igniting PtGljjfP 01 j,) 2 , the tiqueons Kolulion of whiel' 


Oxygen compounds. Platinum monoxide PtO, 
which gives rise to the platmous salts, is formed 


calcium platinate and treating the residue with when evaporfited hi var.ud, form r.hloropktin 
nitric acid. When heated strongly it yields the phosphorous acid Pt(:i.,I‘(()Il)„ and chloropluti n 
metal, and when reduced with formic acid it diphosphoratis add PU!l,„2P(On)., respect ivcK 
gives platinum black. It forms a stronger The latter is decomposed fit 12", forming 1)i 


oxidising agent than the dioxide, and a better white crvHtallino compound Pt( !10P„(C)Il) 
reducing agent than platinum (Wohler, Zeitsch. which at i50° is converted into fi yellow nowdf! 


anorg. Chem. 1904, 40, 423). 


PtOlOaP.jfOfl);, (HchiitoailfergeK Pull. 


Platinous hydroxide PtfOH), may bo formed chim. 1872, fii.' j 17, 428 ; ihul. bs] 153 ; Bo.sfm 
by the action of caustic soda or potash on the heim and Lowcnstainm, Zeitsch. anor-o Glumi 


dichloride, or, bettor, on aqueous potassium 
platinochloride. It is an oxidising agent and 
acts as a weak base, some of the salts of which 
have been prepared. 

Platinum dioxide PtOa is a black powder 
opt-— -J ...n, corresponding hydroxide. 

:: ii'c\,:!r pla^mlc acil 'OH),, 

T>X rVATT/A_ Trti/y-v 


or Pt024H20 or Pt(0 
R. Accad. Lincei, 1903 


1903, 37, 394). 

PlatiiiouH chloride combinc.s with carboi 
nuinljcr of cfirbony 
■' (’hem. Hoc. TraiiK 

1891, 955). 

_ Platinou.s chloride disHolvcH in hydrochloiif 
acid, yielding jilfiiinochloric acid or chloro' 


Atti. platinous acid Jf„Pt(Jl 4 , tin* jiotu.'-.sium, othe 


^im. Ral. 1905, 35, _ qo- j uoi ; _ Bxunuei, Ann. pared (Thomsen, J. pr. diem. 1877, (ii.'l'in 
Chim. Phys. 1905, [vm.] fa, 81), IS prepared by 294; Nilson, f/xM. 2f () ; MagntiH, po-m Am,’ 

boibn.0- a, sntnl-.inn nf nln+lnln ir.nr. otill. 


salts and compoundH of which luive been 


.o. PC li."' iSb' ':K- uS’ 


KS ™ Kurnalinil, J. U„s„. i.hw. ci;,,,,,'. d'. 25. 5(15 


formed with acetic acid. When freshly pre- 
pared it is almost _ white, and is readily soluble 


Pigeon, _Clom|)t. naid. 1895, 120, 081) 


in nniftc on.! x- ' j: -x , - I Plutinum tetracWorMe or platinic chloride 

neing acidic and two basic. When dried, or on current of cblnrin,. 


standing, it becomes yellow, and is no longer 
soluble in dilute acids. Platinic acid forms 


current of chlorine ('I’niffst, mu! Ilautefenilh*, 
(bmpt. rend. 1887, 84, ttKi; llodgkimim and 


crystallino platinates of the type M'pVohT" liunkhlox^e 
andalsoofaxnnrAnn-mnin^n.^ pJatit Kliloiu, field w heatcfl ni fi current ot 




lx . ; Bellucci and Parravano, Atti. R. Acoful 

5 Gibbs, Ber. 1877, 
10, 138f : Herschel, Phil. Mag. 1832, [ii.] 1, 58). 


rend. 1890, 110, 77; Had. i89h 112, 1218; 
Ann. Ghim. Phy.s. 1894, fvii.] 2. 4.33 ; Ihdiinger, 


WS K 0 r eontuh,h.u ' I ■ 5 d 7 

^ of water have beer, x o.o rrvd In 


^orpisen, J. pr. ‘Chem. 1877, [ii.] 16, 344 ; 
Dudley, J. Amer. Chem. Soc. 1902, 28, 59), but 


nioJcctiH'K of \vai(*r havo iMtco propan'd. In 
aqueouH sohUiion, tlu, tel-i’fielilriride iieliave.s as a 
weak dilrasic acid ii .PHJl.fOH),, mid salts of 
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th.is acid have been obtained (Miolati, Zeitsch. 
ail ore. ^hem. 1900, 22, 445 ; also Koblranscli, 
Zeitsch. pbysikal. Ghem. 1900, 33, 257 ; Hittorf 
and Salkoivsld, ibid. 1899, 28, 540 ; Dittenbergor 
and Dietz, Ann, Cbim. Pliys. 1899, [ii.] 68, 853). 

Platinum trichloride PtOlg has l)eon obtained 
by Wohler and Martin (l.c.) by heating platinic 
chloride in pure dry chlorine at 390° for 10 
hours. It forms a dark green nearly black 
powder, soluble in boiling water, and decom- 
posed by hot concentrated hydrochloric acid 
into the di- and tetra-chlorides. 

A platinum monoehloride PtCl has also been 
obtained (Sonstadt, Chein. Soc. Proo. 1898, 25, 
179). 

Platinichloric acid or chloroplatinie acid 

H.^PtCla is prepi' ' ’ -y . platinum in 

rcfjia and ■ hydrochloric 

acid until all tl ■ ' ' ' ' ■ removed. It 

may also bo obtained by passing chlorine 
through concentrated hydrochloric acid con- 
taining platinum black in suspension ; or by the 
electrolysi.s of platiiuim black (Weber, J. Amor. 
Chom. Soc. 1908, 30, 29 ; sea also Matignon, 
Compt. rend. 1902, 134, 1497). 

It cry.stallises with 0 molecule, s of water and 
forms rcdchsh-brown deliquescent prisms. It 
readily yields crystalline salts _ of the typo 
MoPtCIj, known as the platinichlorides or 
of which the aUcali salts are 
choniistry. It also 
forms ■ . ■ ' ■ with many organic 

compounds. 

A number of chloroplatinie acids and 
their salts intermediate between platinic acid 
Il 2 [Pt( 0 B[g)l and the hexachloro acid have been 
described (Bellucoi and Miolati, Atti. R. Accad, 
Iiincei, 1900, [v.] 9, ii. 51 j ibid. 1902, [v.] 11, ii. 
24=1. 271). 

Platinous and platinic bromides and the 
acids (Meyer and Ziildin, Ber. 
I--:-, ■■■!; Ilalberstadt, ibid. 1884, 17, 

2902 : Bellucci, Atti. R. Accad. Lincoi, 1900, v. 
9, ii. 51), also the iodides and iodic acids (Bcllucci, 
dbid. 11, i. 8 ; Pigeon, l.c. ; Petenson, Zeitsch. 
anorg. Chem. 1898, 19, 59), the di-fluorido 
(Moissan, Compt. rend, 1889, 109, 807), and 
amixed halogen derivatives (Hertz, Ber, 1896, 29, 
411) have also been prepared. 

Nitrogen compounds. A numlier of metallic 
2 }latino nitriles or nitrito plaiiniies and their 
oxalo- and other derivatives have lieen described 
(Xiang, J. pr. Chem. 1861, 83, 415 ; Blom- 
strand, ibid. 1871, rb'-l 9, 207 ; Nilson, Ber. 
187G, 9, 1722 ; ibid. 1877, 10, 934; Vdzes, 
Compt. rend. lSi)l, 112, 616: ibid. 113, 690; 
dlbid. 1897, 125, 525 ; Bull. 8oc. chim. 1901, [iii.] 
2b, 157 ; ibid. 1902, [hi.] 27, 930 ; ibid. 1903, 
riii.l 29, 83 ; Berg, Zeitsch. anorg. Chem. 1897, 
15, 278). 

Culminating platinum (OH) 5 l^tNH;,Pt(OH )5 
fcstrongly resembles ferric hydroxide in appear- 
ance. It is prepared by treating hexaciilor- 
yolatinic acid %vith silver nitrate in the cold. 
iUlio silver hoxachlorplatinato so formed is 
decomposed with hot Avatcr, and the resulting 
-fcotrachlorplatinic acid again treated with silver 
xiitrate, and the now silver salt decomposed by 
Tooiling with water for some hours. The 
following reactions take jdace — 

PtCl8Ag„-bir..O=Pt(OH)..Gljr„+2AgGl 
Pt(OIi)„Cl4Ag,+ froO=Pt(Oi-i)4GLIl2-t-2Agai 


The solution of the dichloroplatinic acid 
treated with ammonia yields fulminating 
platinum, which when heated darkens, then 
detonates violently. A similar compound is 
obtained if pyridine is substituted for ammonia 
(Jacobsen, Gompt. rend. 1909, 149, 574). 

The various platinum salts form complex 
compounds with ammonia, similar in con- 
stitution to that of the chromium bases, and 
existing in two series in one of which the 
platinum is divalent, in the other tetravalent. 

The chief types of platinous compounds arc — 

The platociiammines [(NH 3 ) 4 Pt]X 2 ; plato- 
monodiammines [X(NH 3 ) 3 Pt]X ; platosammine 
and idatosemidiammino [X 2 (Nli 3 ) 2 Pfc] ; and 
platosemiarnmino [X 3 (NJ-l 3 )Pt]R, X and R= 
monovalent acid and basic radicles respectively. 

The chief types of platinic compounds are 
represented by the following formulae : — 

[(NH3)3Pt]X4; rX..(NH3)4Pt]X3; [X2(NH3)3Pt]X; 
LX4(Nll3)2Pt J ;■ [X3(NH3)Pt]R. 

Magnus’ green salt Pt(NH 3 ) 4 'PtCl 4 , which was 
obtained by Magnus in 1828 (Pogg. Ann. 14, 
204) by the action of ammonia on platmous 
chloride, is the starting-point for the preparation 
of all these derivatives. When boiled with 
ammonia it passes into plaiodiammina chloride 
or tetrammine-platinous chloride [(NH 3 ) 4 Pt] 0 l 2 . 
The green salt may also bo obtained by the 
■action of potassium platinous chloride on 
platodiammino chloride, but if the solution is 
very dilute and neutral, or slightly ammoniacal, 
and traces of potassium platinichloride are 
absent, a rose-red crystalline salt is formed, 
which, when boiled with water passes into the 
green salt (Jorgensen and Sorensen, Zeitsch. 
anorg. Ghcrn. 1906, 48, 441). 

lAleratnre. — Gras, Ann. Ohim. Phys. [ii.] 
69, 204 ; Poyrotme, ibid. 1844, iii. 12, 193 ; 
1846, [hi.] 16, 462 ; Beiset, ibid. 1844, [hi.] 11, 
417; Compt. rend. 1844, 18, 1103; Soliou, 
Zeitsch. anorg. Chem. 1 896, 13, 36 ; Kurnakoff, 
ibid. 1898, l7, 207 ; Jilason and Wauselin, J. 
pr. Ghom. 1903, [ii.] 67,41 ; Euler, 1904,37, 
2391 ; Tarugi, Gazz. chim. ital, 1900, 30, i, 
304 ; Ray and Shosh, Zcutsch. anorg. Chem. 
1909, 64, 184; Werner, Bor, 1907, 40, 4093; 
Jorgensen and Sorensen, l.c. ; and many others). 
Organic derivatives of ammonia compounds 
have been do, scribed by Klason (J. pr. Chom. 
1903, [ii.] 67, 1 ; Jorgensen, Zeitsch. anorg. Ghom. 
1906, 48, 374). 

Platinum compor ’ ■» ■ y-----''- - have 

1)0011 do.scribcd by V . ' , ' 1900, 

311, 120), and an explosive potassium platino- 
azoimide by (Jurtius and Rissow (J. pr. Ghom. 
1898, [ii.] 58, 261). 

Platinocyanic acid JL[Pt(0N)J is obtained 
by decomposing the copper or mercury salt 
with sulphuretted hydrogen or the barium 
salt with dilute sulphuric acid (Quadrat, Anna- 
Icn, 1 849, 70, 300 ; Weselsky, J. pr. Chom. 
1856, 09, 276). Who.e crybdi:-”!:: yiil. 5 
molecule, s of water it i''!'!!,-: i!;.'.; (■;!!ii;!::ar-j'i:.| 
prisms cxhil)iting a brilliant blue colour by 
rcileeted light ; when containing more water 
tho crystiils have a yello\v-grcon colour with a 
golden lustre*. • 

Platinocyanides nmy he jrriipaj'cd by dissolv- 
ing well-washed frcslily-proparcd platinum sul- 
phide in a solution of tho corresponding cyanide. 
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The colourless solution is then concentrated, on wanning, finally becoming lilack and nligh(,Iy 
The reaction proceeds thus : turbid. When shalceti witli ether ethyl 

PtS2+5KCN==K2Pt(0N)4+K2S+KCNS acetate the red colour is extraoted, ami on 
(Sohertel Ber, 1896, 29, 204) ; or they may be addition of water, a chocolate- brown precipitate 
prepared by double decomposition from the is formed, consisting of platinum, tin, and o.K.vgeii 
potassium salt "which is formed by heatiag iu varyiiig proporiiotrs. vVxuni irc.shly pn*- 
spongy platinum with potassium ferrocyanide to cipitated it is solublo in iiydrochlorie afod. It 
redness, or by dissolving platinous chloride in does not diffuse through parchment iiiitl 

potassium cyanide (ILiopp, Aimalen, 1842, 43, may be regarded as an adsorjitioii compoimd of 
111). The platinocyanides are characterised by colloidal platinum and colloidal Htannic! acid, 
their reaction with the mercury salts with which hut the fonner shows none of the_ (udinary 
they first give a white precipitate, which on reactions of colloidal platiimrn. A similar rod 
addition of more mercury salt turns blue, solution has been obtained by redneing plutinic 
They become luminous when exposed to Bontgen I chloride with an (;th(U'cal solut ion ol ]thiJ.sphorn.s 


spongy platinum nfith potassium ferrocyanide to 
redness, or by dissolving platinous chloride in 
potassium cyanide (Knopp, Atmalen, 1842, 43, 
111). The platinocyanides are characterised by 
their reaction with the mercury salts with which 
they first give a white precipitate, which on 
addition of more mercury salt turns blue. 
They become luminous when exposed to Bontgen 


rays, and are used for making screens for the in the presence of gelatin (Wdhier, Verb. dent. 


detection of these rays. 

Nearly aU platinocyanides fluoresce to a 
marked degree, the colour and mtensity of 
fluorescence depending on the character of the 
basic radicle, the state of hydration, the per- 


Naturforch. Acrzto, 1907, ii. 105 ; Wilhlcr and 
Spengel, Zcitsch. (Jhem. Bid. Kolloide, 1010, 7, 
243). 

Platinum phosphides BtlL, l’t;,I% ((Banger, 
Compt. rend. 1890, 123, 1284), platlnic pyro- 


fection of the crystalline forms, and in some phosphate PtPoO, (Barnett, Uhem. .Sue. 'rruni 


cases on the mode of preparation. Certain of 
the platinocyanides exist m two modifications, 
having the same crystalline form, hut, prepared 
by different methods, they show a difference in 
all their optical characteristics. It is remarkable 


l44tJ ; also JaeXson, 


1800, 67). 


ion. Certain of 1896, 613), arHciudeH BtAsa and (he arunniln 
o modifications, Pt3(As03).i (Staveiihagcn, J. (B<-m. 1806, (ii.'J 
1, hut, prepared 61, 1); the silicideH WiPt, BiPl,, (\’igitnriinx, 
/■ a diferenco in Compt. rend. 1896, 123, 116; ihid. 19()7, 1*16, 
It is remarkable 376); and also Imifistatcs uml iituhihdnh n nf 

" platinum (Gibbs, Amer, Choin. J. 1896, 17, 73) 

■ . have been prejiai-ed. 

Or"nn!e(’n’nro;md'; of platinum. Alk.vln.m. 

. C' ", . ' ■■ I ' -nay be prepared !iy (lie 

67). ■ ■ ,,, dam ntctltyl iudide and 


Some further Hteraturo, Bergsoe, Zcitsch. platinic chloride, a number of thesfi wib.Hianecs 
anorg. Chem. 1899, 19, 318; Brochot and Petit, and their hydroxide, nitrates sulphate, ehloride, 
Compt. rend. 1904, 138, 1095 ; Reynolds, Proo. cyanide, and platinocyanide d(^rivat^ve^i have 
Roy. Soo. 1909, 82, A, 380. Dicyanodiamidi- been xu’oijarcd by Pope and Peaehv ((’hem. 
nium platinic chloride (02H6N40)2PtClB is Soo. Trans. 1909, 671). 

described by Grossmann and Schiick (Ber. 1910, Platinous xanthate (0N(.-(j,S'.S),2'Pt (icmus iti 
43, 674).^ _ flat yellow prisms, m.i). ]29”™i3()'‘', is iuMtlidde 

Por ^ Buckton, Chem. Soc. in water, but readily solubh^ in (ddornbinii. 

Trans. _ ; and Bellucci, Gazz. Other platiiioussalts nf thin-. i!;r;iidi-.ieM ! aie 


chiin. ital. 1900, 30, ii. 588; Grossmann and described by Raiuborg (Zeil eli. aimr;. 


Schiick, Ber. 1906, 39, 1896. 

Sulphur compounds. Platinum monosulphide 

PtS forms a green powder or glistening needles, 


1906, 60, 439). 

Complex pi/ridhif: hdidiH are i le.%eiibe( 
by Jorgensen and Werner, ihid. 12, 46 


prepared_ by heating platinum sponge with ihid. 1900, 26, 363 ; Kla.'uni, Ihrr. 1904, 37, 13 {9.* 


™ ^ vacuous glass tube (Debray and Onjanic plmphuntn plalmo /ez/h/e./by 
Deville,_ Compt. rend. 1879, 89, 587). hoim and Levy (Z(!it!ieh. anorg. Cliem. 4,3. 

Platinum disulphide PtSj may be obtained 34). 

pure as a steol-g'-y ^ n..---**. Platinum alginate i.s a Iirnwii •.'(■lalitii'U ■ pre- 

-fi ■ ■ . oipitato readily soluble in aiiununia. lorniiii" a 

90 with sulphm ■ ■. ' ■■■■*. yellow .solution (Stanfoid, J. Ht>e. Chein. Iiiid. 

temperature, a ; ■ ■ . , 1886, 220). 

formed, while the iiquia necomes red, containing Por cimtain otlua- organi*; <'omponmiH. mi 
colloidal platmum sulphide, which is deposited Werner, l.c. ; Corsa, Gazz chim ituj •»» ;; 

Lucchesi, Gazz. chim. ital. 020 ; Hofmann and Babe, Zeil sell. muay. (h-m' 

PlatalLu, Mte Pt(S0.,„4H,0 fo™. l„g„ b™.’ JS’! /J’jILC./Slrr'lls ''IT' 
(StraUit. Bm. 1904, 38, 2913).” 312 ; H. «„,1 Natl, ml, idt llS: .H 

A number of tlno platmum salts have been Buchner, ihid. 1909, 42, 3392 • 'Ibcbu-meff and 

j Sotoioft a,v!. r.r,, „7,.i 

f- pr*Chem. [n.] 48, 411; Hofmann and mann, ilnd. 1910, 43 2768 

Sjm '™ I'"'*.™, .A« tl.i, 'avi-n.pc .,[ ;i;i 

Lnem. 1847, lo, 405), and selemdes PtSe, analyses, Konic gives for fhe eeiHrin n n /■ f 

PtSe 2 ,_PtSe 3 (Roes.sler, ihid. 1895, 9, 69 ; the fruit- ^ ^ u-mpo.-dirm of 

Mmozzi, Atti. R. Accad. Lincei, 1909, v. 18, ii. 

150) also exist. , 'Free acid other \ 

A platmum compound analogous to purple (Malic) Htigar fiec'Wo" .n'm* Anh 

of OaiSius {v. Gold purple) is obtained by 8'8 4-0 6*8 i)-.6 

the action of stannous chloride on solutirms nf FV,,* r rt 

platmnni salts, wlion a blood-red solution is prunes » '(wVv ’/l'TOTio,'“'si.T''^^^^ '"lUiei"".'’ 

formed, .rhich darkens after a time, particularly Sisrwlm touid ‘tlrn'i,:;,:"-,? pbj'ri;, ’ 


. ITfio ncKl 
Water Protem (Malic) 
78-( ]•() 0-8 ' 


Fibre 

Othi?r N'" atel 
Hiigur ficccMf, lidjif! ynh 

8-8 4-0 6*8 l )',6 
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about 18 p.c, of siigar and 0'5 p.c. free acid 

HaSPi). 

_ 1 no kernel contains amygdalin and onmksin ; 
it is also rich in a fixesd oil. The rind contains 
a wax melting at 04° (Hoil'ert, Landw. Vcrsuchs. 
Stat. 1894, 45, 29). Plums require and remove 
from the soil far larger quantities of nitrogen 
than are demanded by most other orchard 
crops, e.gi. apples or pears. According to American 
e.stimates, an average crop of plums (30,000 lbs. 
per acre), removes about 127 lbs. of nitrogen, 
13 lbs. pho.sphoric acid, and 51 lbs. of potash 
per acre from the soil, while for apples and 
pear.s (each 20,000 lbs. per acre), the iigure.s are 
12 and 12 lbs. of nitrogen, G and 10 lbs. phos- 
phoricacid and IG and 3G lbs. potash respectively. 

J?or effect of manuring upon the yield of 
plums and damsons v. Dyer and iShrive'll (Jour, 
iioy. Hort. Soc. 1903, 27,’ part 4). H. I. 
PLUMBAGO V. .Geathite. 

PLUMIERIDE V. Aooniada baek. 

PLUMOSITE V. Peathbe-oeb. 

PODOPHYLLIC ACID, PODOPHYLLO- 
QUERCETIN, and PODOPHYLLOTOXIN v. 
Pn ' ir -' J - ResinS. 

P()l)()l>IIYI.t.l. -.1 RESIN u. Resins. 
POLARIMETRY. 

I. (ilJALITATIVE. 

When a ray of light falls on the surface of 
an isotropic substance like glass, it is, in general, 

bent out of its path at 

\\ /\ surface of separa- 

\ \ / ' \ media, 

\ \ / I \ according to a law dis- 

L \ / i A covered by Snellius in 

V~-Y — 7 \ 1G21. i’he incident 

\ \ ! 5 and refracted rays lie 

\ \ j in the same plane with 

\ \ / the normal to the sur- 

\L_ TJ f*>'CO at the point of 

1. incidence, the sine of 

the angle of incidence 
divided by the sine of the angle of refraction 

being a constant. 

In 1609, Bartholinus noticed that if a ray 
of light enters a crystal of Iceland spar, it splits, 
uKually, into two rays, one of which pursues its 
way through the crystal iifcordiiii: to 
ordinary laws of refraction, wiiii. r ;iu: i.>cii.:vi<.ijr 
of the other depends upon the direction of the 
original beam relative to the crystal face. The 
fundamental form of Iceland spar is the rhombo- 
hedron. Pig. 1, and if the oclgos of the rhomb 
bo equal, the lino joining the obtuse solid angles 
is tho -q---. axis. If the rhomb is 

not equ ■ i .. ■ xis is any lino parallel to 

this direction. 

If a mark on white paper bo examined 
through a crystal of Iceland spar, whose re- 
fracting face is parallel with tho paper, two 
images will be scon. On turning t-ho crystal 
about a vertical axis, one of these remains fixed 
whilst tho other moves round it, a lino joining 
the two images being always in the direction of 
the shorter diagonal of the face of an equal 
edged crystal. The plane passing through this 
direotion perpendicular to tho face of the crystal 
contains the optic axis and is called tho prineijial 
jjiano, tho images being termed, respectively, 
ordinary and extraordinary. A ray incident on 
a surface cut parallel to tho optic axis splits into 


two rays, each foUowmg the laws of single re- 
fraction but with a different refractive index, 
and when the ray is incident normally to the 
surface, tho two rays coincide in direction but 
move through tho crystal with velocities in- 
versely proportional to their refractive indices, 
/u„=l'654, g,,=l’483.' Generally, however, tho 
extraordinary ray is neither in the same plane 
with tho normal and the incident ray, nor is 

^^^=a constant. If tho crystal in the above, 

experiment be tilted at different angles, it will 
bo noticed that the separation of the images 
varies, and when tho light travels through the 
crystal in tho direction of tho optic axis there 
is again no separation, both rays pursue tho 
same path with exactly the same velocity. 

Tho theory of tho propagation of these two 
wave-fronts was devoloped by Huyghaens, who 
discovered (1690) that both rays differ markedly 
from tho original beam, for, if passed into 
another crystal situated similarly to that in 
which they wore produced, they aro not further 
resolved, tho ordinary ray passes through as an 
ordinary, and tho extraordinary as an extra- 
ordinary ray. If, however, their refracting 
faces being kept parallel, one crystal bo turned 
through an angle of 90° relative to tho other, 
the ordmary ray from the first passes through 
the second as an extraordinary and tho extra- 
ordinary as an ordinary ray. In intermediate 
positions both rays are divided. Newton 
suggested that those rays have ‘ sides ’ (Optics, 
1704, Queries 25, 26), moaning thereby that 
their proiiortios vary in different directions, but 
the matter attracted little or no attention until 
after the lapse of another century, when Malus 
discovered, in 1808, that light could bo brought 
into tills peculiar condition by reflection as well 
as by refraction (Nouv. Bull. Soc. Philom. 
1807-9, 1, 2GG, 341, 353 ; 1810-11, 2, 252, 291, 
320 ; Gilbert’s Ann. 1812, 40, 119, 132). 

If a beam of light fall upon a sheet of glass, 
an angle of incidence of about 55° 25' ® giving 
tho maximum effect, part will be reflected and 
part refracted. Both rays aro found to have 
‘ pole,s,’ as Malus put it, and, if allowed to 
traverse a piece of Iceland spar, whose re- 
fracting face is perpendicular to tho plane of 
incidence and whoso principal jJano is parallel 
to tho plane of incidence, thc>, refheted hc^am 
will pass through as an ordinary ray. Tho 
refracted ray under these circumstances will iiass 
through as an extraordinary ray. Tho plane of 
incidence of tho light on the reflecting surface 
came to bo called tlio ‘plane, of polanmiion. 

Tlxe theory of tho subject is duo to BrcHnel 
who, in connection with tho phonomtuia of 
interference which had btt(in discovered by 
Young, had just developed tho transverse wave 
theory of light. Ho explained tho difference 
botw(!on tho ordinary and tho extraordinary 
rays in Iceland spar by tho supposition that, 
whilst tho vibrations of the ether particles 
causing the ordinary ray take placio in one plane 
only, those causing’ tho extraordinary ray occur 
in a plane at right angles to the first, and ho 

‘ Tlie (louhltt refraction of Tc(!]aTi(l H])ar is^aiil to in*. 
iioRative. Tlic doiilile refraction of quartz is positive, 
th(! iiiiliccs Ix'ing /x„= l.’oJ'l, pf=l'r>5:!. 

- 'L'ho aiiKlc varies with tho iinlex of r(!fi'afitlon of 
tho glass. 
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showed that, on his hypothesis, the vibrations Journal, 1813, 7, ’ ’,.^'’1!'; 

of liffht reflected from a surface at the polarising Bull. Soc. Pliiloin. ISlb, 5, 4J). ,Su tsoqucnti.N l>mt, 
angle take place in a plane parallel to the determined the effect ui toniiK‘intui'(i (iliange on 
surface and therefore at right angles to what the rotation of oil of tertffionthuie, (‘X.iniiimu 
was called the plane of polarisation (Nouv. BuU. the influence of solvents, discovered the KJtiiUoii 
Soc. Philom. 1824, 9, 150 ; Ann. Chim. Phys. of cane sugar, applied the polanituff.nc nieihoti 
1821, 17, 186). ^^0 distinguish between natunil and iiiiilKsiiil 

According to the modern i-l'.xdi-o-mr.giirt’C camphor and even ascerlidncd that oil o) tcrci- 
theorv of lisht as developed bv (..Ivric M nwi'ea, benthine in the state of vapour, still retiiiiis its 


was called the plane of polarisation (Nouv. BuU. the influence of solvents, discovered the KJtiitioii 
Soc. Philom. 1824, 9, 150 ; Ann. Chim. Phys. of cane sugar, applied the polanitiui.nc niethoti 
1821, 17, 186). ^^0 distinguish between natur.il and iirtilKsiiil 

According to the modern ih.xffi-o-mr.giirt’C camphor and even ascerlidncd that oil o) tcrci- 
theory of light as developed by Cleric M nwi'ca, benthine in the state of vapour, still rctiiiiiH^if!i 
there is a magnetic disturbance in the plane of rotation^ (Ann. Chim. I’hys. 1818, [ii.] 9, 3// ; 
polarisation and an electric disturbance perpen- 1819, [ii.] 10, 68). _ . , , , ■ i 

dicular to it. The latter, therefore, corresponds Presnel, after discovering circularly polai'i.'ied 
with Fresnel’s vibrations. light, showed that the rotation of the jilaue of 

In 1811, Arago discovered the phenomenon polarisation of light b 3 r quartz cut perpendicular 


dicAtlar to it. The latter, therefore, corresponds Presnol, after disco vcriog eirctdarly jitjJarised 
with FresnePs vibrations. light, showed that the I’oialion of the plaue of 

In 1811, Arago discovered the phenomenon polarisation of light 1)3'’ quartz cut perpendicular 
of the rotation of the plane of polarisation of to the axis, could lie explained, if on (‘iiieriiig 
light (Nouv. BuU. Soc. PhUom. 1810-1811, 2, the quartz tho polarised beam were resolved in U) 
358, 371, 387 ; Gilb. Ann. 1812, 40, 146). A two circularly polarised rays travelling Ihnujgh 
ray reflected from a piece of glass at the proper the crystal in the direction of tlio ojiiicj axis, 
angle was received upon a crystal of Iceland without separation hut with dillerent velocitii's. 
spar. It then spUts in general into two rays of Then, on emergence, there would bo a diffVreiK'o 
unequal intensity, and, if the crystal be turned of phase so that the two waves recomhiiu! to 
round the direction of the ray as axis, four form again a piano polarist'd ray who.so plam; c»f 
positions wiU be found, at right angles, in which polarisation is, in general, not iliaf. of the 
only one image ap- original beam. He succeeded in deuionstratiug 
^ ^ pears, alternately the actual oxistouco of these two eirculariy 

/TK /'I\\ ordinary and extra- polarised rays, the principle of bin iiielhfid, if 

/ / X / 'X ordinary. When the not the actual arrang(}ment of his a[)pai al ui,, 

(LXvVa ff—4 — crystal is set in one being represented by Fig. 3. ado and oiii; are 

Y if 1 of these positions, prisms of Imvo- and bod one of dcsxtro- quartz, 

J 11 ^ piece of 

Jx J ^ Jk, cut per- * —Sr- ^ ^ 

Vv — 7/ — ry pendicular to the h . - 

^ \\ /y axis aa' (Kg. 2), is _j£ ""' “..‘-'n.''.' 

HA placed in the path ^ ^ 

a' a' of the ray between ^ 

]Ti(j, 2. the polarising mir- B ~ D 

ror and the crystal, .. 

two images appear, complementary in colour — 

the colours depending on the thickness of the so cut that the optic axis of each is iiaralh-l U, 
plate and, ajihey happen to overlap, the part bo. Now let a ray of phuio riolariscd liuhl. - iVtll 
common to both is white. On turmng the normally on the suitiuu' ah at r, and' iniiiiKce 
crystal the colours change._ Something of a that it siiits into two cin^ulaiiy uolarired j-iiv.i 
similar land was foimd for mica and gypsum. -^vliich travel in the (linsffiou I’u. That whe’:e 
passage through the path is a riglit-liamhid helix shrudd 1 ravel wifli 
quartz plate altered the plane m which the light a greater velocity in the hevn iiriimi;'! ado and 
was polarised, rad that the colours were due to ooii than in the dexiro prii-ni dco. In paisirig 
the fact that the planes of polarisation of the throueh the Hvsl(*m Ihei-efffre ihi- r ie . iwnitl 

whoso 


Part I. 218) that the rotation conferred on the 


ssLi, Ti^,r..Tss^£ £ HSS •" 

the left. Later, wMe engaged on experiments Xenlnrlv . X' 

which necessitated the immersion of CTystalline CMm Idivs iS 'r oe ; 

plates in liquids to make the polarised rays '"'1 

penetrate the plates very obliquely to the wot kil^thi r (ff _1 di»k1h m tlic ram- 

surface, he discovered some of these liquids made mich hr ■ ■ ' '' ■ ' ‘ 

also to be capable of rotating the plane of similar fi ■ " ' »‘*dbrid 

polarisation of light (Nouv. Bull. Soc. Philom similar U . ' ' > de.xtro- and 

1814-15, 4, 190).^ This was the case for oil of luiuids of the iiiuiK; refrarffive 

terebenthine (Z-pinene, pbicud alltTuali^ly in hnlluv/ 

and on of laurel, each of ■ ■ ■ ' (i^itzungsber. Wifti. Akad. IKHd, 90, ji. 

plane of polarisation from right to left, whilst ' 

oil of citron, and camphor dissolved in alcohol mentloaeil lien; thuf, if Ha; ray in* 

had the? opposite effect. Experiments of a ■ ■ ■ i , f 

somewhat simUar character were carried out by ' ■ age is mulull,'!l' dmin- ! 

^bout 1812, e.g. Phil. Trans. ' ■ polariHed in iia* (.Ogitml' idanc! 

1815, [ 1 .] 29, and T. J. Seebeck (Schweiggor’s -••i^bXary light gives the saine remit. 
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Although Biot had found that somo quartz 
crystals arc dextro- and others hevo-rotatory, 
he was'»unablo to suggest any property of the 
quartz — instancing orystallino form — which 
could bo correlated with the phenomenon of 
rotation, but Herschel (Trans. Camb. Phil. Soc. 
1821, 1 [i.] 43), remarking that the experiments 
of Biot gave the impression ‘ of a want of 
symmetry in the disposition within the mole- 
cules themselves, of somo of the elementary 
forces by which they act on light ’ (p. 43), 
pointed out that an indication of this want of 
symmetry had already been discovered Ijy 
Haiiy in the plagiehedrism or hemihedrism 
which shows itself in quartz by the presence of 
the little facets marked x and x' in Pig. 2, * 
which in somo crystals lean towards the right 
and in others towards the left. Plates cut 
from a crystal showing facets leaning towards 
th,o left, all rotated the plane of polarisation 
‘ to the loft, to an observer looking in the 
direction of the ray’s progressive motion, or to 
the right of one receiving the ray in his eye ’ 
(p. 48). At the present time it is conventional 
to define the sign of rotation in the latter way 
so that his specimen was what is now called 
dextro-rotatory. In every other crystal 
examined the rotation was in the sense that 
would be expected from the jjosition of the 
facets. 

Somo twenty years later, this discovery had 
a most important influence on Louis Pasteur, 
who, in 1841, repeated, for practice in crystallo- 
graphy, a research published by de la Provo- 
stayo (Ann. Chim. Phys. 1841, [iii.] 3, 129)pn the 
crystal forms of tartaric acid, paratartaric acid 
(racemic acid), and their salts, in regard to 
which it had been observed by Biot that tartaric 
acid is optically active (M(?m. do I’Acad. 1835, 
13, 40) whUst racemic acid is inactive (Ann. 
(Jhim. Phys. 1838, [ii.] 6i), 22). In this work {ihid. 
1848, [iii.] 24, 442) lie noticed something over- 
looked by do la Provostaye, namely that all 
the tartrate crystals had hcmihedral facets, 
although they were not always very distinct, 
whereas racemic acid and such of its salts as he 
examined showed no hemihedrism. Ho also 
observed that the ratio of tw(j of the axes in the 
tartrates is nearly the same, whilst the third 
differs considerabiy, and, if crystals of different 
tartrates bo similarly situated, the arrangement 
of the hcmihedral facets is always in the siAine 
sense. It then occurred to him that the relation- 
ship which had been inferred by Herschel for 
quartz might also apply in the case of the tar- 
trates. Just about this time, Mitscherlich 
stated that : ‘ Sodium ammonium tartrate and 
sodium ammonium racemate have the same 
chemical constitution, the same crystal form 
with the same angles, the same specific gravity, 
and the same douWo refraction, in consequence 
of which their optic axes are inclined at the 
same angle ; . . . the nature and number of the 
atoms, their arrangement and their distance 
from each other are the same in both com- 
pounds,’ and yet tartaric acid in solution 
rotates the plane of polarisation of light whilst 
dissolved racemic acid is indifferent (Monatsber. 
dor Berl. Akad. 1842 ; Compt. rend. 1844, ID, 

‘ The figure given by Horsclud is incorrect. It 
represents a twin wliicli, presumably, would liavo no 
rotation. 


720). Pasteur, thinlung it possible that Mit- 
scherlich, like do P^ ■■ ’ id overlooked 

the presence of . ■ ■ which might 

bo expected on the tartrate but not on the 
racemate, then investigated these salts, which 
were not among those he had already examined. 
As he expected, the tartrate was indeed hemi- 
Iiedral, but, to his surprise, the racemate was 
homihodral also. On closer examination, however, 
ho noticed that whereas the facets on the tartrate 
crystals all occurred in the same position, in the 
racemate they appeared, sometimes towards the 
right, sometimes towards the left. Doubtless 
still guided by Herschol’s idea, ho picked out 
from the mass some of each Idnd of crystal and 
when dissolved separately in water one sort gave 
a dextro-rotatory and the other a Imvo-rotatory 
solution. Pig. 4 shows the appearance of those 
crystals whoso formula is 

Na(NIi4)0iH4O„,4IL0. 

Racemic acid thus appeared as a compound 
or a mixture of a peculiar Icind perhaps, of 



ordinary tartaric acid with another variety of 
tartaric acid, similar in every respect except its 
rotation and the shape of its crystals which wore 
exactly equal although opposite in sense. 
Racemic acid, however, does not sojoaratc, under 
any conditions at ])rescnt known, into tlio two 
different forms, and indeetl it is only by crystal- 
lising it within narrow limits of temperature 
that sodium ammonium tartrato will soi)arato 
from solution in the two different forms._ Hor- 
schel had already a distinct idea of a relationship 
between asyiiimotrical crystal structure and 
optical rotation anti tho idea was much de- 
veloped by Pasteur as regtirds tho chemical 
molecule. Ho pointed out that nmny of tho 
o])jects with which wo are acquainted can bo 
separated into two classes : those which are 
superpoftiblo on their mirror images and those 
that are not. Thus tho human body _ as a 
whole and apart from minor irregularities, a 
straight stair, a regular tetrahedron, are idcixtical 
with their mirror images. But tho mirror 
image of a right hand or of a loft hand, of a 
s|)iral stair, of an irregular tetraliedron, al- 
though each is similar to its ol)jcct, is not siqxor- 
posiblo on it; cannot, in tho language of Euclid, 
bo similarly situated ; the imago of a rigid liand 
is a left hand. The molecules of the two forms 
of tartaric acid Pasteur supposed to dilfcr in 
the same Way ; the image of a dextro-rotatory 
molecule is a lawo-rotatory molecule. They 
would not then he ex]ajct(!d to vary in regard 
to symmetrical forces or proyicrties ; f-hey 
would liavo the same solubility, tho same 
density, the same- amount of water of crystallisa- 
tion — or lack of it — tho same imdting-jjoitit, 
tho same strength, and in many of ’•their re- 
actions they would behave alikcs, wii.li ef.hyl 
alcohol or sodium hydroxide, for example. But 
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with respect to certain other forces, presumably 
unsymmetrical, they behave exactly in opposite 
senses — whilst one rotates the piano of polarisa- 
tion of ligli' " onedirection, 

the other ■ ' , ' . me amount in 

the opposite direction, 

Pasteur further f : . 

each of a pair of < ■ ■ ' 

molecules with one : ■ ■ . ■ ( « ■ 

molecule, figures should be obtained which would 
no longer bo ' ■’ y ■" — "^iomorphic. Thus, 

for instance, ' . and a left-handed 

spiral of eq^ual dimensions be each combined 
with a ■■■’ !’ ■■ h " Parent diameter, 

the t’W'i !.r ■ . ■ ■ ■ ot be enantio- 

morph ■ such as they 

may be supposed to represent, need not be 
expected to show an identical behaviour even 
towards symmetrical forces. They might not 
have the same melting-point, for instance, or 
the same solubility. This Pasteur found to be 
the case. He prepared cinohonicine hydrogen 
racemate and on allowmg the solution to evapo- 
rate, the acid salt of cinchonicine with Isevo- 
tartaric acid separated first, afterwards the 
corresponding salt of cinchonicine with dextro- 
tartario acid also crystallised out. The two 
were quite different in appearance, in solu- 
and from them the two 
.'i'- ■. ! -i . . obtained. Thus Pasteur 

introduced that method which, since his time, 
has been used more than any other for the 
resolution of substances similar in character to 
racemic acid. 

Pasteur carried his investigation a step 
further. It was Imown that commercial calcium 
tartrate occasionally fermented, with the forma- 
tion of various products. He imitated this 
fermentation, first with ammonium tartrate, 
which was destroyed, and then with ammonium 
racemate. In the latter case, the liquid, 
originally inactive, gradually became laevo- 
rotatory, and from it could bo obtained ulti- 
mately linvo-tartaric acid. The micro-organisms 
4.1,., dextro-acid, leaving the laevo- 

■ ■ ' . ■ . Here, again, Pasteur estab- 

lished another method of a general character for 
the resolution of substances of the type of racemic 
acid. (Por a fuller account of those researches 
nee Alembic Club "-r-’- li W. R Clay, 

Edinburgh ; also ■ * ■ " ■ ■ I seture, P. R 

Franldand, Chem. Soo. Trans. 1897, 71, 683). 

Even this brilliant work, however, supplied 
no criterion to decide which chemical compounds 
were similar in character to racemic acid, and 
might therefore be expected to yield dextro- 
and laivo- isomerides, while theoretical organic 
chemistry was not at that time sufficiently 
developed to render possible a correlation of 
rotatory power with the constitution of naturally 
occurring active substances. Some twenty 
years had to elapse before this became possible, 
the work of Pasteur being the incentive to one 
attempt to overcome the difficulty, the investiga- 
tions of Wisliccnus on the various forms of lactic 
acid and the speculations of Kekule having 
much to do with another. 

As Wishcenus pointed out, the plane formula; 
in use about 1870 were insufficient to exj»lain 
the existdTice of the three known lactic acids, 
and he suggested that this subtle isomerism 
might perhaps bo represented by different 


spatial arrangement of the atoms of the mole- 
cules. Paralactio acid and fermentation lactic 
acid wore probably only goometrio isoffiorides 
(Her. 1869, 2, 550, G20 ; Annalen, 1873, (37, 343). 

In 1874, van ’t Hoff (in a pampidet) and 
Lo Be (Bull. Soc. chim. 1874, [ii.] 22, 337) pub- 
hsbed practically identical views, referring the 
asymmetry which Pasteur had attributed to 
the molecule of an active compound as a whole 
to one or more of its carbon atoms. If a carbon 
atom be combined with four different atoms or 
groups, and it be assumed that the affinities of 
the carbon atom are directed towards the angles 
of a tetrahedron, it is possible to arrange the 
four groups in two different ways such that the 
mirror image of the one arrangement is identical 
with the other arrangement (Eig. 5). Eurthor, 
such compounds as were known to be optically 


I I 



active, contained carbon atoms of the above 
character, whence it might bo inferred that 
any inactive compound containing an asym- 
metric carbon atom should bo capable of 
resolution into active isomerides. 

This idea explained all that Pasteur had 
discovered about tartaric acid. The con- 
stitutional formula; then coming into use, 
exhibited the presence of two asymmetric carbon 
atoms in the substance, and by combining two 
such atoms in different ways it was possible to 
account for all the existing isomerides. Thus, in 
Eig. G, the grouphig of the radicles about tho 
upper carbon atom is tho same as thac about 
the lower one, and sinco both tho radicles of 
which the molecule is composed aro the same in 
configuration, the molecule should ho active, 
say in a dextro sense. Eig. 7 shows a molecule 
composed of two radicles each of opposite 
asymmetry to those of Eig. G, and should 
therefore represent Ztg^•o- tartaric acid. A 
mixture of equal numbers of these molecules 
■will constitute racemic acid, which is cajjablo 
of resolution into tho two active forms, whilst, 
if two radicles of opposite asymmetry Ijo com- 
bined, as in Eig, 8, tho molecule obtained 
should bo inactive, because tho two parts of 
which it is composed tend to turn the plane of 
polarisation of light equally in (q»posito direc- 
tions, and, at tho same time, it should not be 
capable of resolution sinco all tho molecules 
composing it are exactly tho same. This is the 
7Kesc-tarfcaric acid of Pastcui’, Tho spirals 
drawn round tho asymmetric atoms and passing 
through the groups always in the same sequence, 
help to show that the twist given lo tho plane 
of polarisation of light is in tho same sense 
wliichover end of the molecule the ray enters at. 
The lower formula; of the Eigs. G, 7, 8, show tlie 
conventional method of projecting these three 
dimensional figures on to the plane of tlie paper. 


POLARIMETRY. 


313 


The work carried out on optical activity 
since ^he publication of the views of van ’ t TToff 
and Le Bel has been, for the moat part, a splcnditl 
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confirmation of them, but, in some directions, 
there have been developments. It has been 
shown that carbon is not the only element that 
can give rise to optical activity. In the case of 
nitrogen, Pope and Peachey (Ohem. Soc. Trans. 
1899, 75, 1127) wore successful in re.solvmg 


\ see also Pope 

• . !! ■ . !vi. , ■ d later, H. 0 . 

Jones (ibid. 1903, 83, U18 ; 1904, 86 , 223) 
resolved r’: yd- /y’ ylr- - ' ]• y’- 
iodide (see a< '> . 

owing their activity to the presence "of an 
asymmetric tin atom were obtained by Pope 
and Peachey (Ohem, Soo. Proc. 1900, 16, 12), 
others containing asymmetric sulphur by Pope 
and Peachey (Ohem. Soo. Trans. 1900, 77, 1072), 
and Smiles (ibid. 1900, 77, 1174), asymmetric 
selenium by Pope and Neville (ibid. 1902, 81, 
1652), a-y.-mn-eiric silicon by Kipping (ibid, 
1907, 91, 200; li.iO.S, 93, 2090), asymmetric 
phosphorus by Meisenhoimer and Lichtenstadt 
(Bor. 1911, 44, 356), and IQpping and Challenger 
(Ohem. Soo. Trans. 1911, 99, 626), and oven 
asymmetric cobalt (Ber. 1911, 44, 1887) and 
chromium (ibid. 1012, 46, 865) by Werner. 

Pasteur attributed the rotation of chemical 
compounds to the asymmetry of the molecule 
as a whole and van ’t Hoil pointed out, in 1877 

(The \ Atoms in Space, 1898, 

103), ■■■I' ■ ■ derived from allcne of 

the formula ^>C ”-'C<(^^ 0 '-'.'’^ ought to exist in 

two onantiomorphic and therefore, active forms, 
because if a, b, and the bonds joining them to 
their carbon atom lie in the plane of the paper, 
c,_ d, and their bonds must lie in a plane perpen- 
dicular to the first, so that a tetrahedron could 
be laid through the points, a, b, c, d. Thus 
optical activity might exist in a compound con- 
taining no asymmetric carbon atom as defined 
by van ’t Hoff. Attempts to prepare such 
sulistances failed until Perkin and Pope suo- 
ocedod in synthesising Z-methylcycZo-hoxylidone- 
4-acetio acid 


CHs p .OHa— p....p^: 


CH.,— OHa" 


II 

'COOH 


(which is not exactly of the above type) and 
this was later resolved into its two components 
by crystallisation of the brucine salt from dilute 
alcohol (Perkin, Pope and Wallaoh, Chem. Soc. 


Trans. 1909, 96, 1789 ; see also Perldn and 
Pope, ibid. 1911, 99, 1510). A compound the 
asymmetry of which is of the same kind is 
4-oximinocycZo-hexanecarboxylic acid 


COOH 

H 


p^OHa-CHav, p.... 


N 

6 h 


(Mills and Bain, Ohem. Soc. Trans. 1910, 97, 
1866), but the claim that these compounds 
really contain no -r-.-bon atom has 

been disputed by i . ■ ■ . News, 1909, 

100, 295 ; Ohem. Soc. Proc.‘ 1911, 27, 285), and 
Marsh (ibid, 1911, 27, 317 ; see also P. F. Frank- 
land, Chem. Soc. Trans. 1912, 101, 665). 


Additional Methods for producing Optically 
Active Compounds. 

To Pasteur’s three methods for obtaining 
optically active compounds there may bo addecl 
some others. Marckwald and McKenzie found 
(Bor. 1899, 32, 2130) that when mandelic acid 
was heated with menthol for an hour at 155°, 
the mandelic acid which remained unacted on, 
contained a greater proportion of the laevo- 
than of the doxtro- constituent, and on this fact 
a method ean bo based for separating them. 

Again, when an inaotivo substance, whilst 
in combination with an active compound, is 
submitted to some reaction which produces in 
it an asymmetric carbon atom, it often happens 
that one arrangement of the groups around this 
now asymmetric atom is produced in preference 
to the other. The new asymmetric molecule 
can then be .separated from the one originally 
active. Thus, for examj)lo, by reduction of 
Z-monthyl pyruvate CH 3 — GO — CO’00(oH],„ I- 
monthyi lactate OH 3 — CH(OH) — CO-OGioHi,,, 
was obtained (McKenzie, Chem. Soo. Trans. 
1906, 87, 1373), and the lactic acid separated 
from this was found to bo slightly Imvo-rotaiory, 
By such proccisses of asymmetric synthesis, 
McKenzie has produced other active oompounds 
(ibid. 1904, 85, 1249; 1905, 87, 1004; 1906, 89, 365). 

An ingenious asymmotrie synthesis was also 
carried out by Marckwald, by heating the acid 
brucine salt of • ■ ' ’ ' acid, when 

valeric acid wf, ■ ' ■. ■ . , ■ ug a slight 

exeo.sH of the hwvo-isomer (Ber. 1004, 37, 4696). 
These methods are, however, moanwliile only of 
theoretical interest. 

The ‘ Walden Inversion,’’ Pasteur showed 
that cZ-tartaric acid can be converted into 
Z-tartaric acid by an indirect process. By 
heating d-tartario acid under certain circum- 
stances (Pasteur, Gompt. rend. 1863, 37, 162 ; 
Jungileisch, Bull. Soc. chim. 1872, 18, 201 ; 
Winthcr, Zeitsch. physikal. Ghem. 190(5, 56, 
46(5, 720), a rearrangement of the groups aliout 
the asymmetric atoms takes jfiaco and ulti- 
mately an inactive mixture of racemio .acid and 
me.sotartaric acid is o[)taincd. The racemic acid 
can then be resolved by one or other of the 
processes ho liad discovered. It would lie 
possible, theoretically, to transform practically 
the whole of a given quantity of cZ-tartaric aciil 
into the Irnvo variety, but the experimental 
difficulties would bo' very great. «Sinco the 
method proceeds by racemisation, the sub- 
stance operated on passes through a stage of 
inactivity. 



314 


POLARIMETRY. 


In certain cases, however, it is possible to 
transform a molecule of one asymmetry into a 
molecule of opposite asymmetry without passing 
through any stage of inactivity, ifcwrotatory 
asparaguie when acted on by nitrous acid yields 
te'Worotatory malic acid, and Walden found that 
^-malio acid yielded with phosphorus penta- 
ohloride, a cZea:iTOrotatory chlorosuccinio acid, 

which therefore . ■ ‘ ‘ ’ 

in 00 '-^“-:— ■ -■ . ■ . ■ . 

Til.ic ■ . ■ 

1895, 67, 494), observed that Zisiiorotatory 
asparagine gave with nitrosyl chloride a latvo- 
rotatory oldorosuccinio acid; whilst Walden, 
about the same time, discovered (Ber. 1895, 28, 
2769) that this asparagine treated directly with 
bromine and nitric oxide gave a Zcenorotatory 
bromosuccinio acid. Thus, starting from Icevo- 
rotatory asparagine, we can prepare according 
to the reagents used, either Zeewrotatory or 
£Zea;Zrorotatory chlorosuccinio acid. 

Later, Walden (Ber. 1896, 29, 133) com- 
pleted the following cycle : — 

PCIb 

Z-Malicacid. ^ iZ-Clilorosuccinic acid. 

AgaO^ 

Z-Olilorosuccinic acid. ^ (Z-Maiic acid. 

POls 


Caustic potash and silver oxide act thus on 
the chlorosuccinio acids in an exactly opposite 
manner. One of these changes must bo abnormal 
being accompanied by an exchange of two of 
the radicles attached to the asymmetric carbon 
atom. Li one case the NH 2 group of the 
asparagine is replaced directly ; in the other it, 
or the chlorine atom which is substituted for 
it, exchanges places at the same time Avith 
one of the other groups. 


OHo-CONH., 



Chiorosuccinic acid. 


Those reactions are generally accompanied 
by a little, and often by a groat deal, of 
racomisation. 

So far, little of a really general character has 
been discovered about this most interesting re- 
action. For further details the papers of Walden 
(Ber. 1899, 32, 1833), Fischer [ibid. 1907. 40, 
489 ; 1908, 41, 889, 1286, 2891 ; Annalen, 1911, 
381, 123), and McKenzie (Ohem. Soc. Trans. 1908, 
93, 811 ; 1910, 97, 2564, etc.) should be consulted 
in additioi^to ^ ■ doned. /See also 

the Chemical ■■ ' . Reports, and 

P. F, Frankland, Chem. Soc. Trans. 1912, 101, 
672. 


II. AerAEATUs. 

- The apparatus used by Biot (Ann. Chijn. 
Phys. 1840, [ii.] 74, 428) and others consisted of 
a polarising mirror, the light from which, after 
passing through the substance under investiga- 
tion, was examined by means of a double re- 
fracting rhomb of Iceland spar, or a j)rism such 
as that of Rochon or Wollaston, adjustment 
being made to those positions in which one or 
other of the images vanished. 

A great improvement was made by Nicol 
(Edin. New Phil. Jour. 1828, [ii.] 6, 83 ; 1831, 
[ii.] 14, 372 ; 1839, [ii.] 27, 332), who mvented 
the prism bearing his name (Fig. 9). It is 
usually made from a rhomb of Iceland spar 
about three times as long as broad, and the end 



faces, ABCD and KPan should first bo ground down 
so as to reduce the acute angles eao and coe 
from 71® to 68°, but this seems seldom to bo 
done (S. P. Thompson, Phil. Mag, 1886, [v.] 21, 
479). The prism is then cut through in tho 
plane bkci r-' to tho principal 

section, in . ■ • ^lano through A0(U3. 
j The plane ekcl ^ makes an angle of 90° with tho 
faces ABCD and Eiron. Tho two halves of tho 
prism are then cemented together again in their 
original position by moans of Canada balsam or 
Copaiva balsam, tho indices of refraction of 
which lie between those for tho ordinary and tho 
extraordinary rays. Tho index of refraction of 
tho ordinary ray being 1-654 and that of Canada 
balsam 1'55, it can easily bo shown that any 
ray whoso angle of incidonco is greater than 
69*5°, will be reflected out of tho prism. On 
looking through tho prism and tilting it so as 
to allow tho rays to fall very obliquely on tho 
face ABOD, this limit is marked by a series of 
interference spectra. 

Tho other limit is conditioned by tho fact 
that whereas the index of refraction of tho 
ordinary ray, 1'664, applies in any direction 
through the crystal, that for tho extraordinary 
ray, 1-483, onk ’ ’1 ■ ■ to tho ojitic 

axis. As tho . ■ „ through the 

crystal aj)proaches more nearly to that of the 
optic axis, tho value of g, approaches 1-654, and 
in some intermediate position will hav(j tho value 
1-55, equal to that of tho Canada balsam. All 
extraordinary rays having a value greater than 
this are liable, like the ordinary rays, to bo totally 

■ It should ho noted that the direction of tho piano 
of section is practically lininatcrial ; all that i.s neces- 
sary is that it shoidd make a suitahlo angle with tlie 
■ ■ ■ " ism. If the plane were laid from 

ays, the vihratit/ns of which ar(! 
plane, would he rollected out to 
prism, whilst the extraordinary 
, • ' hefore. 
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reflected at the balsam film. Pig. 10 shows the 
prism in section through acge. All rays below 
wv— such that the angle vxc is about 10° — 
ordmary or oxtraorduiary, suffer total rcflccLion. 



Pio. 10. 


On tilting the prism so that the rays fall almost 
normally on the refracting face, this limit is 
marked by a broad blue and violet band. All 
rays, therefore, between mn and wv should be 
polarised in passmg through the prism. The 
angle between these directions is some 32°. 

The action of the prism docs not depend on 
the separation of the two rays which occurs in 
the crystal. It is usually a cone of light that 
enters the prism so that ordmary and extra- 
ordinary rays may travel side by side, but on 
account of their different velocities in the crystal 
the former are totally reflected at the film 
whilst the latter pass through it. Tho vibra- 
tions constituting the ordinary ray are sup- 
posed to take place in a plane parallel to bd, 
those of the extraordinary ray in one parallel 
to AO, and therefore they are polarised in pianos 
at right angles to these. 

Fig. 11 represents a Nicol prism, end on. 
Tho principal plane passes through ao perpen- 
dicular to the plane of tho paper. If a source 
of light bo examined through two Nicols placed 
one behind tho other so that their principal 
planes coincide (Fig. 12), tho vibrations which 
pass through kfoii — tho remote prism, the 



c c c 


Fig. 11. Fjq. 12. Fig. 13. 

polariser — and which arc parallel to eg, will also 
j)ass through iVBOi) ; but when tho prisms are 
crossed (Fig. 13), tho light which ])asscH through 
HEGII, vibrating parallel to EG, is siopptjd by 
tho analyser, abcd, so that part of tho field 
appears dark. 

Tho Nicol prism, however, has several 
defects, one being the expense of large, clear 
ju'cces of spar. For this reason, Foucault I 
(Compt. rend. 1857, 4-5, 238) invented a prism 
(Fig. 14) whoso length is only about 1‘25 times 
that of one of tho sides of tlie refracting face, i 
tho plane of section making with tho upj)er and 
lower edge an angle of 50°. The Canada balsajn 
is replaced by air. An ordinary ray in tho 
j)rism incident on this film at any angle greater 
than 37° 10' will bo totally reflected, tho field 
being limited on this side by interference fringes ; 
iin extraordinary ray incident on tho film at 
any angle greater than 42° 20' will also bo 
totally reflected, the limiting position being 
marked by a broad red band. Between these 


angles ordinary rays will bo totally reflected 
and extraordinary rays will pass through. The 
field of view is thus very narrow, only com- 
prising for the rays before they enter the' prism, 
some 8°. 

Again (1), part of the light incident on the 
sloping end face of a Nicol is reflected there. 


A / P 



C G 

Fig. 14. 


and (2) a ray of light falling on the prism in the 
direction of tho axis of length, emerges parallel 
to its original direction but somewhat displaced, 
so that if tho Nicol is rotated the imago circles 
round tho field, this being tho case oven if the 
ends of tho prism / 

are cut square, as /' / 

shown in Fig. 15. /- ■ /■ — 

The extraordinary / 

ray will jrass 

through the prism __II 

without displace- irin. i /> 

ment only if tho 

refracting surface is cut parallel to tho optic 
axis. A prism, cut as shown in Fig. 10, 
which partly corrects those faults, was first 
described by Hartnaek and Prazmowsld (Ann. 
Ohim. Phys. 1800, [iv.'J 7, 181). Tho end faces 
are still inclined at an angle to tho axis, but tho 
X>lano of section is perpendicular to tho optic 
axis. 

S. P. Thompson (Phil. Mag. 1880, [v.] 21, 478) 
modifies tho Nicol prism so as to improve con- 
.sichirably its polarising i)roportios. inzi,* (Fig. 17) 
represents a section of a rhomb of spar, lj being 



Fro. 10. Fig. 17. 


tho direction of tho optic axis. In an ordinary 
Nicol, tho jilano of section would jiasH from 
li to z. Tho acute solid angles at i and n aro 
out off by tho xiarallol plano.H ea, zu, such that 
XEA =40° ; tho plane of section ab is almost at 
right angles to la and BZ. There is thus com- 
paratively little loss of material, and since tho 
rays travel through tho pri.sm nearly xiorpen- 
(lioular to tho optic axis, the blue band which 
marks the limit of tho transmitted extraordinary 
waves is thrown iiack ao that with a shorter 
yirism a field of about 39 " is obtained. 

Other ■jn’isms, more or less alike, nave bc(in 
described by S. 1?, Thom])Hon (Phil. Mag. 1881, 
[V.] 12, 349), R. T. Glazebrook {ibid. 1883, [v.] 
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15, 352), and P. Gian (Carl. Rep. 1880, 16, ii. 
0, 570 ; Eortschr. d. Physik. 1880, [v.] 10,_ 247;. 
Pig. 18 gives a rough idea of how this x^isin is 
situated relative to the original crystal. By 
planes perpendicular to the optic axis, the solid 



angles at 0 and B are first removed, the prism 
TVjP,\vxyz, being then cut out of the remaining 
spar. The plane of section is laid through tvzy. 
The optic axis is thus parallel to the refracting 
faces, TVJP and WXYZ, while the balsam film lies 
in a principal plane of section, that is, is parallel 
to the optic axis. There is groat waste of 
material in cutting this prism, Wt its angle of 
view is increased and the polarisation is very 
perfect. 

The prism (Mg. 19), described by Lippich 
(Wien. Sitzungsber. 1885, ii. 91, 1079; Beibl. 
Ann. d. Phys. 1887, 11, 455) for his polarimeter. 


for a different typo of prism, one to transmit the 
ordmary and reflect out the oxtraordmary^ray. 
A right prism of dense glass whoso index of 
refraction is, preferably, just the same as that 
for the ordinary ray in leelatid spar, is cut 
tlrrough obliquely (Mg. 20 may bo taken to 
illustrate this prism also) and a thin lamina of 
Iceland spar or sodium nitrate, cut paraUol to 
the optic axis, is introduced between the two 
parte and brought into optical contact with the 
cut faces or joined to them by means of some 
cement with an index of 1‘654 or higher. A 
beam of fight passing from the glass to the spar 
separates into two rays. The ordinary ray, 
with the same index in the spar as in the glass, 
goes straight tlrrough. For the extraordinary 
ray, however, the index is much lower in the 
spar than in the glass and if the ray is incident 
on the layer of spar at an angle of 74° or more, 
wiU not penetrate it at all. This idea was dis- 
covered also by Jamin (Compt. rend. 1869, 68, 
221 ; Pogg. Ann. 1869_, 137, 174), and a descrip- 
tion of a prism on this principle was given by 
E. Bertrand (Compt. rend. 1884, 99, 538), which, 
by means of a double plane of section had a 
field of view of 98°.^ 

The Polarimeter. Ni col’s prism appears 
first to have been used in a polar-imoter by 
Mitseherlioh (Lehrbuch der Chemie, 4th ed. 1844, 
i. 361), whoso instrument (Fig. 21) was fitted 
at one end with a Nicol prism beyond which a 


Fig. 19. 



has straight end faces of square section and a 
linseed oil film. The optic axis is perpendicular 
to the axis of length, but its position relative to 
the plane of section is immaterial. 

Fig. 20 shows the modern form of Nicol 
prism. A ray of light falling normally on the 
refracting face does not separate into two rays 
pursuing distinct paths through the crystal, but 
at the balsam film the ordinary ray is refiocted 
out whilst the extraordinary ray passes on 
without deviation. If the optic axis is parallel 
to the iilauo of 
section the prism 
is of the Glaii- 
Thompson variety. 


whilst if it is 





Fig. 20. 


■: ..i: p.ene ei 
the prism is tech- 
nically referred to as a Lippich Nicol, although 
this is not strictly in aocorclanco with Lijipich’s 
own statement \v. supra). The two paits of 
the prism are usually cemented together with 
linseed oil, which is superior to Canada balsam, 
but takes a long time to dry. 

A paper read by E. Sang before the Royal 
Society of Edinburgh in 1837, discussing the 
theory of tCie Nicol prism, is remarkable, iiartly 
because fifty-four years elapsed before it was 
published (Froc. Roy. Soc. Edin. 1891, 81, 323), 
but also because it contained the first suggestion 



pointer which could bo turned round over a 
graduated scale. The prisms wore then set to 
the position of maximum darkness, which is the 
zero point of the instrument. If an active sub- 
stance be interposed between the crossed Nicols 
the field will become more or less illuminated, 

' An article “ On the Nicol Prism and its Modern 
Varieties,” liy S. 1*. Thompson, oontainim? a bihlio- 
Kraphy of the Huhjoct, will ho found in the Proceedings 
of the Optical Convention, 1005, p. 210. 
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and in order again to roach the ]3o.sition of 
maximum darlcness the analyser must be turned 
round either towards the right hand — at the 
top of the scale, clockwise — or towards the loft 
hand. In the former case, the substance is 
dextrorotatory, in the latter, hevorotatory. 
Adjustment is always made for the position of 
maximum darlcness, since about this point a 
small displacement of the prism makes a con- 
siderable clifEeronco to the eye. The position of 
maximum brightness is much more difficult, in 
fact impossible, to adjust to. 

Suggestions to obtain greater sensitiveness 
were made by Robiquet and by Wild, whilst a 
very ingenious prism was invented by Jellett 
(Brit. Assoc. Rep. 1860, 29, 13), but perhaps 
the most commonly adopted proposal was that 
of Laurent (Journ. de Physique, 1874, iii. 183 ; 
Dhigl. poly. J. 1877, 223, 608). Ho placed 
between the polarisor and the analyser, close to 
the former, a glass plate to which is cemented a 
half disc of quartz or gypsum cut parallel to the 
axis, called a half wave length plate. The 
general arrangement is shown in Pig. 22. p is 
tire polarisor, generally a Pouoault jirism, D the 
glass plate partly covered by the quartz half 



Pxo. 22. 


disc, N the amilyser, usually a Nicol prism. The 
telescope on is focussed on the straight edge of 
the quartz plate. In Pig. 23, let the circle pokii 
represent the polarisor diaphragm; iraic is the 



half disc of quartz whose optic axis may lie in 
any direction in the ])latio of the paper such as 
on or DC or og. Sup^xosc that it is parallel to oc. 
The direction of vibration of light waves from 


the polarisor, nsTU, passing through the dia- 
lihragm as seen end on, will be, for example, 
OA roj)rescnting those falling on the glass plate, 
and DC, representing those falling on the quartz. 
The wavs oa on its passage through the glass 
plate, may bo regarded as resolved into two 
components, vibrating respectively parallel to 
OE and to 00 . They travel with the same 
velocity and the same wave length, the resultant 
being thus always parallel to OA. A wave 
falling on the quartz plate, however, like do, is 
resolved into a component parallel to DO, the 
ordinary ray, atid one parallel to oc, the extra- 
ordinary ray, these being in reality very narrow 
ellipses (P. G. Tait, Light, 1889, p. 253; W. 
Voigt, Ann. d. Physik. 1906, [iv.] 18, 645), At 
the moment when the light touches the plate 
the particle of ether at D of the component do 
is displaced towards 0, and simultaneously the 
particle of ether at D of the component DB is dis- 
jilacod towards B, the resultant being in the 
direotioti do. These travel through the plate 
with diherent velocities, that of the ordinary 
ray, do, beingthe greater in the ratio l-653/l’644. 
After a certain short interval of time, therefore, 
the extraordinary ray will have fallen one half 
wave length behind the ordinary ray. At this 
moment the vertical displacement is oo whilst 
the horizontal displacement is OD. The resultant 
is thus OB, the plane of vibration of the light 
having been turned through an angle 2a whore a 
is th(‘. angle between the prmoipal plane of the 
polarisor and the optical axis of the quartz 
plate. As the two components proceed further 
into the quartz i)late, the ordinary ray gains a 
whole wave length which brings the resultant 
back into its original position jjarallel to do. In 
pursuing its way through the quartz plate, the 
Xdaiio of vibration of the light thus oscillates 
between the directions do and ob, I’ho plate 
is made of such a thiclcnoss that, on emergence, 
the ordinary ray is one half wave length aheatl 
of the oxtraordiTiary ray for the kiml of light 
used, and therefore the plane of vibration is 
parallel to ob. Whatever angle the original 
vibrations may make with oe, passage through 
the quartz plate inverts i: .-yeittK i ■■i'-.'.lly. The 
special character of this roi c' ! p-lano of 
vibration of the incident light by the quartz 
plate should bo carefully noticed. It is of an 
entirely different character from the rotation 
which would bo produced by a xjlate of quartz 
cut perpendicular to the axis.^ 

If now the light which has passed throxigh 
the whole polarisor system be examined by a 
Nicol prism, lmnq, placed as shown in the figure, 
its prmoipal plane at right angles to that of the 
polariser, the rays that have traversed the glass 
plate and vibrato parallel to ao will bo stopped 
by the analyser and the half jfiiiv of the circular 
field will appear dark. But those that have 
come through f/ho quartz plate and are paralhd 
to BO will pass to aconsideral)le extent through 
the Nicol so that eok will appear relatively 
bright. If the jxriiioipal plane, ln, of the 
analyser bo set perpendicular to bo, ecjk will 
appear dark and eiik bright. Mi<hvay betwiam 
these positions, the whole Held should appear 

‘ An iiistruniciit di^ijciKlciitoti the a('ti?)ii of a (itiari-?; 

'o tlic axis, or oti a <!e]l coii- 
HuggoHtod by ,T. II.. t'oynting 
(i'llU, Mag. 1880, Iv.J 10, 18). 
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uniformly dark. If the analyser be turned 
through 90° so that its principal plane is parallel 
to the axis of the quartz plate the whole field 
should appear uniformly bright. 

The accuracy of a setting depends on the 
size of the angle a. If it be small a very slight 
movement of the analyser should suffice sharply 
to reverse the relative brightness of the sides of 
the field. The mfiled head is then oscillated 
back and forward from a position of darkness 
on one side to a position of similar darlmess, as 
judged by the eye, on the other, the oscillations 
being gradually narrowed donm until the median 
position is reached. The angle a must not be 
made too small, however, as then the amount 
of light cut off is very great and the eye ceases 
to be able to distinguish clearly between the 
brightness and darkness of the two halves of 
the field. The Laurent polarimeter can be used, 
of course, with only one liind of monochromatic 
made for sodium light, 
ssage through a plate of 
^ ■ before entering the 

polarising system. 

The Lippich ■ ’ ■ ’ ' '• — '---u is that most 
commonly used ■ ' time {Wien. 

Sitzungsber. 1885, ii. 91, 1079; 1896, ii, 105, 
317). It is accurate, may be used with any 
kind of monochromatic Hght, and can be made 
to give a double or a triple field, the latter being 
the more delicate. Tig. 24 shows a plan of the 
arrangement, p is the polariser, just beyond 



Pig. 24. 


which and taldng the place of the quartz 
plate of the Laurent instrument, are two 
small prisms, each of the same depth but about 
one half the width of the polariser. Por the 
small prisms both Hilger and Schmidt and 
Haensch use Lippich Nicols, whilst for the 
polariser Hilger uses a Lippich and Schmidt 
and Haensch a Glan-Thompson Nicol. Pigs. 
25 and 26 represent these systems in per- 
spective, one of the small prisms being 



omitted in each case. The direction of the 
optic axis is indicated by the dotted arrows. 
The polariser is rectangular, but the small 
prisms have an angle of about 93° at D and e 
and are of about 87° at L and m (Pig. 24). The 
small prisms are fixed so that their faces LD 
and ME ai??. inclined at a slight angle to the 
axis of the instrument, but the edges D and e 
are parallel or very nearly so. The eyepiece is 
focussed on these edges, which usually appear 


as faint fines divitling the field into three parts. 
Of these, e is illuminated by light whiQli has 
passed through p and b ; G by fight which has 
passed through p only; and ii by light which 
has passed through p and c. The polari.ser p i^ 



capable of rotation some 16°al)ont ilu! axis of the 
instrument, and in average work is jilaced .so that 
its principal plane makess an angle of 4° to 6” 
with the principal planes of the .small prisms. If 
now this system be viewed through i.he analy.ser 
with its principal ])lane placed perpendicularly to 
that of p, G should appear dark and p and ir 
fairly bright. If ilio analyser be i.urncd so that 
its principal plane i.s perpendicular to tho.so of 
B and c, E and ii should appear dark and a 
relatively bright. The analyser .shotdd then bo 
o.sci]lated about between tliese positions, tin*, 
movements becoming smaller and sinalku, until 
the final adjustment i.s reached. 

Source of light. The light commonly iiscnl 
for polarimetric purposes is that affortlod by 
incande.scent sodium chloride vapour. Fig. 27 
repre,sont8 one lamp suil.able for imoduoing it 
and another is shown in Fig. 28. In the fr)rm(U’, 
salt is placed in a little movable spoon which i.s 
then swung into the flame ; in the latter, a large 



Fta. 27. Fui. 28. 


size Mcker burner is fitted with side ])iec(i,s, in 
each of which art) slil.s to rciceivo two fairly 
stout platinum wires iKiiit at i-ight angle.s at 
the ends. Round each wire i.s roiled a piece of 
platinum gauze about 1" 'A 1|". Piccc.s of 
sodium chloride, which have, bceufusial, arts laid 
on the rolls of gauze aftcir the burner has been 
lit. The salt melts and sinks into the meshes 
of the rolls, from whicdi it slow'ly voIatiliHe.s. 
The late Sir W. H. Perkin (Clmm. So(j. Trans. 
1906, 89, 617) allowed what wa.s practically an 
oxy-hydrogen flame to ])lay on the side of a 
platinum boat containing .sodium chloride. 
Another device has been de.scribed by H. XL 

Roy. See. 1968, A, 81, 113). 

• ■ may be us(al in.stcad of tin? 

chloride, as it give.s a more intense fight, but a 
serious disadvantage liofci in tho fact that tluj 
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bromine vapour given ofE may injure the 
polarj,meter. 

The light from' a bu" ■ ■ ’ sodium 

chloride is not truly ■ ■ ■ . There 

is a slight continuous spectrum, the blue from 
the Bunsen flame being fairly strong, so the light 
is usually filtered through a saturated solution 
of potassium dichromato, which removes the 
blue and green rays and is sufficient for most 
purposes. Sometimes a small coll, Iffi cm. long 
containing uranous sulphate solution, may bo 
used in addition to the potassium dichromate, 
as it removes any red rays that may bo present ; 
but the best method of purifying the light is by 
spectral analysis, a direct vision spectroscope 
being placed between the eye and the analyser 
or in front of the polarisor. Details of the 
former method are given in a paper Iiy Sir W. 
H. Perldn (Chom. Soc. Trans. 190(5, 89, (509). 

In a stricter sense, however, sodium light is 
not monochromatic, for its spectrum consists of 
two linos very close together, D^ of A— 689-(i2 /xfi 
and Da of A=689-02 /x/x, so that the light 
reaching the polarisor is a resultant whoso 
optical centre ’ lies between those wave lengths 


in proportion to the relative intensity of the 
Imes, which varies with the density of the vapour 
in the flame and this might have to be taken 
account of in very accurate work. It is there- 
fore desirable to keep the brightness of the 
flame as constant as possible wlrilst a set of 
readings is being made. Otherwise as the 
brightness falls off the readings may vary a little. 

Monochromatic light may also bo olrtained 
from the mercury arc lamp, in the spectrum of 
which there are four chief linos, one in the blue of 
435-9 /x^, two in the yellow of 579 and 576-9 /x/x 
respectively, whilst the strongest and most 
i mportant is that in the yellow-green of 546-1 /x/x. 
The other rays are filiorcd out by a suitable 
screen or by some method of spectral purifica- 
tion, and t,he last lino is found very useful for 
jiolarimetric purposes (see Lowry, Phil. Mag. 
1909, [vi.’J 18, 320). If this light bo utilised, 
however, comjiarativo measurements with sodium 
light should always Ijo given, as otherwise much 
of the value either of the now data or of the data 
already amassed for sodium light would bo lost. 

The folatimcUr. Pig. 29 shows diagrammati- 
cally a modern polarimeter, as made by (Schmidt 



T 



and Haensch, Berlin, who, however, suiiply a 
different heating apparatus. The lamjj A is so 
placed that a sliarp imago of the flame, or the 
■ lie m 'i' i;i front of it, is thrown by the lens s 

(.:! I'ic (i^ l■■it■.;rn■. at M. B is a coll containing 
saturated jiotassium dichromate solution. By 
means of c, " ’ ‘ un B can be 

tui’ned about i ■ ■■. ■ ■ . ■ id thereby the 

angle altered . ' ■ ■ . . . iflano makes 

with the pritici ■ ■ ■ ■ -nail jjrisms at 

10 . The heavy support f can be moved along 
the bed-plate o and clamiied in any dc.sire(l 
position. The oliservntion tube ic lies in a 
wider tube which passes through a copper bath 
HHHH containing water or other liquid. This 
bath is kept at any desired ' 
means of the il.:-rt'i - :'':-.ri;l,;i;.i- ' . ■ 

Ind. 1902, 21, l.'ci, .■ ; ii-rer v.. A thermo- 

meter u indicates the temperature inside the 
tube liG, which may be taken as identical with 


that in the observation tube, no is closed at Ij 
and a by two wooden blocks, the holes in which 
are closed by small glass discs. Q„ the aufilysing 
Nicol, is fastened to the graduated circle y, 
which is enclosed in a cover to protect it from 
the fumes of the laboratory. The lover x 
attached to the analyser and the graduated 
circle, makes the rough adjustment; the fine 
adjustment is made by means of the screw 
11 . There is also another screw (not shown in 
tlio figure) by which the analyser can bo turned 
about its axis indopeudontly of the graduated 
circle to adjust the /.ero point of the instrument. 
It may be noticed that when the half shadow 
— ^the sensitiveness — is altered by moving the 
lever c, the zero point is thereby also altered. 
The .sensitiveness ought l.heroforo (^ifily to be 
varied very can twm sly and the zero poitit shoubl 
bo aseertai ’ ' 'ntervals, litsst along 

with each . . . .1 an ititcsresting ca.so 
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in point, see Oliem. Soo. Trans. 1905, 87, 
618. . 

The water in the thermostat iihhii should be 
covered with a layer of medium paraffin oil, 
which, by preventing evaporation, tends to 
keep the temperature constant. By means of 
the apparatus shown, the bath can be kept 
within about 0-01° of a given temperature for 
several months. 

For experiments at temperatures above 80°, 
a rather small bath filled with oil is best— when 
the temperature can be raised to 170° or still 
higher if the joints of the bath are brazed. 

Another form of heating apparatus is shown 
in Fig. 30. r is the polariser and a the analyser 
of the instrument. Between these, and having 



Fra. 30. 

the same axis, is supported in some suitable 
manner, a double oylmdor of brass or copper. 
The observation tube rests in the position shown, 
and the tubes e and D allow either of a current 
of water at some definite temperature being 
circulated through the cylinder or of steam or 
other vapour such as that of aniline or nitro- 
benzene being blown through the apparatus 
until the temperature has become constant in 
the observation tube. For an illustration of 
an instrument fitted in just a slightly different 
manner, see Soheuer, Zeitsch. physikal. Ohem. 
1910, 72, 569. , ^ 

Polarimeter tubes. Fig. 31 shows the end of 
a polarimeter tube of the simplest^ type. Near 
each end of the glass tube there is fastened a 
metal collar having a screw cut on it. The 
ends of the tube are ground parallel and fitted 
with discs, a, of glass, which ought always to 




be carefully examined before use as occasionally 
they are slightly active on account of internal 
strain, when they should, of course, bo rejected. 
Metal caps press the glass discs against the ends 
of the tube, rubber washers equalizing the 
pressure between them. The caps must not be 
screwed on too tightly as this may cause the 
discs to become birofringont and vitiate the 
readings. In some patterns of tube, a bayonet 
joint is used instead of a screw so that the 
pressure <rn the discs is at least always the same. 

In some tubes one end is of the form shown 
in Fig."" 32. Any bubble that has developed 
owing to contraction on cooling, can easily be 


moved into the expanded part of the tube where 
it does not interfere with the field of^ view. 
Especially in small tubes, however, the expanded 
end greatly increases the capacity of the tube, 
wliioh is often a serious objection, and tubes of 
the form shown at K in Fig. 29 are much to be 
preferred, as they readily allow for any con- 
traction or expansion, and can therefore bo used 
for determinations over a moderate range of 
temperature if care be taken not to melt the 
sealing wax securing the collars on to which the 
caps arc screwed. Jaokottod tubes are also 
used such that water or other liquid at a desired 
temperature can be circulated round the tu})e. 
This involves the supply of water at constant 
temperature, which is rather troublesome ; a 
suitable form of apparatus for this is described 
by Lowry (Trans, Faraday Soc, 1907, 3, 119). 
With many polarimeters, on account of the form 
of the stand, this is the only method of heating 
that can be . 1- ■ ' 1 ; 'hcrevor possible, it 
is better to . ■ " like that shown in 

Fig. 29, which can bo adjusted to any required 
temperature. In sugar factories, for instance, 
where, especially m the case of invert sugars, it 
is doshable always to polarise at a definite 
temperature to avoid the necessity of correcting 
the readings, a thermostat might be kept at one 
temperature for, probably, a year at a time 
without the necessity of renewing any of the 
parts, and would be found very mseful. 

Tubes like that shown in Fig. 33, arc suitable 
for investigations over a wide range of tempera- 
turo, A glass tube with a side piece is fitted, 



somewhat loosely, at each end with a brass 
ring K. The discs are then placed in position 
and short pieces of rubber tubing drawn over 
the ends of the tube so as to project beyond the 
discs, thus serving to prevent leakage and as 
washers as well. Two other brass rings, m, l, are 
placed, one at each end and secured there by 
brass rods which pass freely through three holes 
in M and K, K, and screw into holes in L. The 
rings K, ic should bo near the ends' of the tube, 
their object being to keep it in position between 
the rings M and L. This tube may bo used up to 
a temperature of about 180°, at which the rubber 
becomes very soft. For slightly different forms, 
see Ghom, Soo, Trans. 1901, 79, 170. 

Determination of density. Another oiicration 
of importance in polarimctric work is the deter- 
mination of the specific gravity of liquids. This 
may be done by means of a hydrostatic balance, 
by hvdrometors. by the Westphal balance, by 
■. i;,-.' b:,;.'. !■:■, by dilatometer or by pyk- 
no meter. Tne last is probably the most accurate 
as well as the simplest anti is most generally 
used. For details see article Sinsoili'i'c auAVirv. 

Methods of expressing rotatory power. Several 
expressions are in use for indicating the rotatory 
power of an active compound. 
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Tho observed rotation is the angle through 
which the plane of polarisation is turned by a 
layer of the h'quid substance, one deciniotcr in 
thickness. Thus moans that tho 

angle a, through which the yellow light i'rom a 
sodium flame would be turned to the right — the 
observer looking against the direction of tho ray 
— at 20°, after i^assing through unit length of 
the substance, is 34-51°. i If tho magnitude of 
the rotatory pow'or bo used merely to indicate 
the purity of the compound, or for analytical 
purposes, this expression is as useful as”any; 
but for the comparison of tho rotations shown 
by a given substance under diilcrent conditions 
— of temperature, for instance — it would not bo 
satisfactory, and since Biot’s early experiments 
seemed to show that change of temperature only 
affected rotation in proportion to the expansion 
l)roduced, and also that tho rotation of a dis- 
solved substance was proportional to its con- 
centration, ho introduced the idea of specific 
rotation, which ho supposed to be an invariable 
constant not dependent on tho condition of tho 
substance (Mem. do I’Acad. 1835, 13, llfi ; Ann. 
Chim. Phys. 1844, [iii.] 10, 18). Tho specific 
rotation is indicated by tho syml)oi [a], and for 

a homogeneous liquid [al£ — ^ , wdiere o is the 

observed rotation for the D lino at tho tempera- 
ture t°, and d is the density of the substance 
at t° as compared with water at 4°, as unity. 

In tho case of a dissolved active compound 
the strength of tho soluifion must be taken 
account of, and may be expressed in several 
ways, tho two commonest Ijcing as concentra- 
tion and as percentage composition. Con- 
centration, c, indicates grams of sulistance per 
100 c.c. of solution, tho substance being weighed 
into a graduated flask which is then filled up to 
some definite v(flume with tho solvenl. O’hcu 
t 

f “n 

This method, however, is open to 

the objection that tho concentration may, and 
usually does, vary with change of temperature. 
In tho second case, bolli active Hu))8tanco and 
solvent are w'eighed. Tho percentage com- 
position, p, is then the w'eight of substance in 
100 grms. of tho mixture, and is, of course, 
independent of tho temperature. In this case, 

^‘^^i'>~'pxd‘ 

According to Biot, tho siJecific rotation is 
‘ tho angle of rotation which a licpiid would 
show if it (iontained in a volume of one cubic 
centimetre, one gram of active substance, and 
should act on the polarised ray through a column 
one decimetre in length,’ but it is simpler to 
define it as tho rotation which would bo shown 
by 10 grms. of l.om' ger.f !.■■:,• substance, or 
that quantity of ■■■!.;:. ii,-;; v. itc'i c-ritains 10 grms. 
of it in a tube of 1 sq. cm. cross section, just 
long enough to contain it. Tho specific rotation, 
however, contrary to Biot’s early expectations, 
is by no means necessarily constant, but may 
vary greatly with temperature, nature of thc^ 
solvent and concentration. 

It is scarcely to be expected that the rota- 

' Often the rotation obHerved in any tiilie is called the 
‘ observed rotation,’ tho lengtli of tidje being speciiled. 
VoL. IV.-~2'. 


tions of different compounds can be compared 
simply for 10 grms. of each, so the molecular 
rotation is usually calculated in such cases 

. It is the rotation produced by 

one-tenth of a gram molecular weight of a 
homogeneous substance, or that quantity of a 
solution whiclr contains one-tonth of a gram 
molecular weight, in a tube of one square centi- 
metre cross section just long enough to contain 
it. This supx30scs the rotation to be proportional 
to tho whole weight of tho molecule, and Guye 
has suggested i/hat since one looks through the 
molecule it might perhaps bo bettor to take the 
rotation as x^roportional to its diameter, and 
therefore he introduced tho idea of molecular 

deviation, but so far it cannot 

be said that the regularities discovered by tho use 
of this formula are any better than those derived 
from tho molecular rotation, and as it involves 
greater, trouble in calculation it has not been 
very much used (Corapt. rend. 1893, 110, 1454). 

III. Quantitative. 

notation and chemical constitution. Although 
Biot, in his later work, discovered that the 
rotation of an active compound w-as a property 
much more sonsitivo to external conditions than 
ho had originally imagined, little notice was 
taken of tho fact, and, in conscquonco, many of 
the older dai,ii, in the collection of which con- 
siderations of ieiiqieraturo, solvent, concentra- 
tion and even tho light used, wore ignored, are 
rendered practically uho1cs.s. Within tho last 
quarter of a century, however, thc!.se factors 
have received greater attention, and when, fox- 
want of a better plan, the rotation values are 
all takoji at one dolinito temperature, a few 
rcgulai-ities ajjpear between the rotation data 
and tho choraioal constitution of homogeneous 
liquid .substances. 

It is pcrhaixs natural to lake first ilio change, s 
which occur in pas, sing from member to member 
of a homologous scries. 


Taiilb I, — liOTA'r'ioN Valuu.s op the Z-Maeateh 

[m]20 

Malic acid * -f 5-89° 10.17^0 +7-89° 
Methyl malate " — - (i-85 
Ethyl m alatc - — • 1 0 • J 8 
w-Bropyl malate" — J l*f52 

... I 


12-74° 

3-33 

1-44 

-0-09 


-IMO 

-19-35 

-26-32 


18-99° 

8-25 

6-97 

l-0() 


/ • i 1 t 1 fi.«. 's’ V 

\si!\ ! ■ 

(Japryl malate 

J ; .r S 
- 0-92 

00 0.01 

-24-77 " 

Taeee it.— 

-liO'J’ATION VaLOE-S OE 't’HE 


Tahtkates. 





Tai-taric acid 
Methyl tartrate 

. -0-30° 

. -1-2-07 

— 0'45 

; -1-3-08 
0'07 11 ft. nr. 


M- Propyl taxtratc! ^ 


4-94 

-2-3B 


-H29-6(i 

+20-99 


-1-12-08 

?i-Butyitartrate " [19°] +10-30 

' Hxtrapfjlated from data by Sdmeldcr (Annalon 
JS8J, 217, 2!j7) from iuiueous fiolutioiis. 

- Walden, Zeitei-h. jihyslkal. (Jbem. 180.''), 17, 21.1. 

■' Aiiscliutz and Heifer, ibid. 189.1, 10, 410. 

‘ From data by Tbonmeii, J. pr. (Jliein. 188.1, lii.l 
02, 213. «' 

■ PalterHon, Client. Hoc, 'i'rfuiH. 1004, HI, 70.1. 

“ Freumller, Hull. Hoe. eliim. 1804, [iii.l 11, 30,1. 

y 
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Table III. — Rotation oe Vaiiioit.s Esteks 


derived 

EROM Glyceric Acid.^ 



A 

B A-B 

G 

A-C 


Gly cer- 

Diaeetyl- 

Bimethoxy- 



ate 

glycerate 

propionate 



[M]l/ 

1 1 

Mi® 


Methyl . 

-6- 76'^ 

-24-56° 18-8° 

-103-8° 

98° 

Ethyl 

-12-30 

-35-56 23-26 

-114-4 

102-1 

M-Propyl . 

-19-15 

-45-17 26-06 

-122-5 

103-3 

scc-Propyl 

-17-49 

-41-69 24-20 

— 

— 

n-Butyl . 

-21-37 

— — 

-124-2 

102-8 

rsoButyl . 

-23-06 

-50-38 27-33 

— 

— 

n-Heptyl 

-23-05 

-47-89 24-84 

-127-9 

104-8 

}i- Octyl . 

-22-28 

-47-92 26-64 

-125-0 

103-3 



Table IV. 




Menthyl formate - 

-i4r)-.3° 



99 

acetate 

157-3 



99 

propionate 

160-2 



99 

m- butyrate 

157-1 




91- valerate 

157-3 



99 

9i-caproate 

157-7 



99 

9i-heptylate 

157-7 



,9 

?i-caprylate 

155-8 



Table V. — Secondaki^ Alcohols. 


[M]*’ 

sec-Proi\vl-motliyl-car1)in()l +4-3° 

„ ethyl „ 15-4 

„ w-propyl „ 24'7 

„ w-butyl „ 33-3 

„ «,-amyl „ 32-9 

„ ?i-hexyl „ 33-9 

„ n-octyl „ 34-5 

„ m-decyl „ 34'5 


(Pickard and Kenyon, Chem. Soc. Tran.s. 1912, 
101, 624). 

With the above data several points may bo 
illustrated. 

1. Although ordinary malic acid in aqueous 
solution is licvorotatory like the esters dcnivcid 
from it, and is called Z-nialic acid, it is to be 
inferred from the behaviour of its concentrated 
solutions that the substance, if it could oxi.st at 
the ordinary temperature in the liquid form, 
would show a positive rotation. Solutions of 
above p=34 have a positive rotation at 20°^ 


Table VI. — Rotation oe Estebs oe Various Acids “ (temperature approximately 20°). 


Ethyl 

[Mil, 

Ethyl 

[M]„ 

Ethyl 

[MJu 

Ethyl 

[Mil. 

Lactate 

-12-2° 

Glycorate 

-12-3° 

Malato 

-19-8° 

Tartrate 

-1-15-86° 

Acetyl- 


Diacetyl- 


Acetyl- 


Diacetyl- 


lactate 

-79-7 

glycerate 

-35-6 

malate 

-52-3 

tartrate 

-filO-O 

Benzoyl- 


Dibcnzoyl- 


Benzoyl- 


Dibenzoyl- 


lactate 

-l-59-fl-|- 

glycerate 

+89-2 

malate 

-11-4 

tartrate 

-123-6 

Methoxy- 


Dimethoxy- 






propionate 

-118-9 

propionate 

-114-4 

— - 

— — 

_ 



Methyl 


Methyl 


Metliyl 


Methyl 


Lactate 

-8-6 

Glycerate 

-5-8 

Malato 

~1I-1 

Tartrate 

+3-8 

Methoxy- 


Dimethoxy- 


Methoxy- 


Dimethoxy- 


propionate 

-112-7 

propionate 

-103-8 

succinate 

-92-4 

‘ succinate 

-l-i.so-0-1- 


Tartaric acid, Table II., behaves simikarly, but 
in an opposite sense, for although it itself and 
its salts in aqueous solution as well as its .simple 
esters in the homogeneous state, have a j)ositivo 
rotation and it is called d-tartaric acid, it 
would nevertheless give, if it could exist in 
the liquid homogeneous condition, a negative 
rotation. 

2. Although to the names of many com- 
pounds the letters d- and Z- are jircfixed merely 
to indicate the sign of their rotation, Emil 
Eischer has been able to trace a genetic relation- 
ship between many substances related to the 
sugars, and prefixes the letters cZ- and Z- to the 
names of compounds according to the structural 
relationship which they bear to glucose. In a 
long series of researches, pre-eminent alike for 
manipulative skill and reasoning power, Eischer 
has shown that natural glucose must have one 
or other of the structural formula; : 

> Foro-elerences see P. P. Prankland and Gebhard, 
Ohem. Soc. Trans. lOO.'j. 87, 865. 

- Finm P. P. Pranldand and Geldiard, Chem. Soc. 
Trans. 1905, 87, 867, which see regarding data marked 
thus 


Clio 

H— i— OH 
HO— i— H 
H-i— OH 
H-t— OH 


(kaOH 

d-Giucose. 


OHO 
HO— i— H 
H— (J— OH 
HO— i— H 
HO— i— H 
ilEjOH 

Milucosc. 


and as it is hardly probable that wo shall (wer 
be able finally to discriminate between the, so, lu; 
has made the above arbitrary .selection, d- 
Tartario acid must then be, as he has .shown, 
COOH 

H— i— OH 
HO— CJ— H 
COOH 

d-Tartaric acid. 

the two upper asymmetric carbon atoms of the 
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ghicoso moloculo corrosponcirng with the two 
asymiTjetric atoms of tartaric acid. Ifor d- 
malic acid the formida is 

coon 

c!h, 

CIOOH 

d-Malic acid. 

atid the structure of its isomcridc, ordinary 
natural Z-malic acid, will be represented by 
COOH 
I 

HO— 0— H 
tlli, 
toOH 

Z-Malic acid. 

(Ber. 1890, 29, 1377). 

Thus, although for ethyl dibenzoyltartrate 
[MlfO= -123*6° (Table VI.), the substance is 
nevertheless a cZ-compound. Similarly, fructose 
with a high negative rotation is d-iructose on 
account of its structural rclationshit) with d- 
glucoae, the configuration about the three lowest 
asymmetric carbon atoms being the same in 
each case. 


CHO 

CPI., OH 

H— i~OH 

io 

HO— i— H 

HO— i— H 

H— 0— OH 

H— dl— OH 

H— (i— OH 

H_i_OH 

(JHaOH 

iliaOH 


d-dlllCOHO. 


rf-l!’ructoso. 


3. Table I. shows that the specific rotation 
of fihe malates becomes increasingly more 
negative as the scries is asoe.nded until tiio 
n- butyl ester is reached, and from this point 
the rotation rises again. There is thus a 
minimum (maximum negative) rotation at the 
ra-])ropyl term. When the molecular rotation 
is considered, how'ever, the behaviour is not the 
same, the If j west rotation occuri’ing at the amyl 
term. Witli the tartrfil.cis, on the other hand, 
a maximum occurs l)oth in the molecular, ancl 
the specific, rotation, at the sam(! — the «-propyl 
— term. In the molffcubir deviation for these 
different esters the mniimum might possibly be 
found at sonu} other term. The example illus- 
trates a kind of difliculty that often occurs ; we 
have no criterion to decide which method of 
reducing the observfitions is the best, but the 
molecular rotation is probably to be preferred 
to the specific rotathm. 

This teiulency to rise to a maximum and 
then fall again may be seen in all the data of 
Table III., and has been much discussed in 
connection with an idea put forward simul- 
taneously by Crum Brown (Proc. Roy. Soe. 
Edin. 1890, 17, 181) and by P. A. Cuye (Gompt. 

• rend; 1890, 110| 714; 189.3, 110, 1378, 1416), 
who suggested that a relationsliip might bo 
detected between the rfjtation of a compound 
and the masses of the ffjur radicles attached to 
the a.symmetric atom. Guyo proposed, for 


calculating the ‘ Product of Asymmetry,’ a 
formula of such a character that when two of 
the masses became equal the expression reduced 
to zero. The formula predicted also the occur- 
rence of maximum rotations at definite members 
of certain series, and in some cases maxima were 
found at, or about, these terms. But for the 
most part it failed entirely ; the rotation of a 
compound does not become zero merely because 
two of the grouj^s attached to the asymmetric 
atom are equal in weight. Eischcr and Elatau 
(Ber. 1909, 42, 2981) have shown that, for 
instance, the isomerism between m-j)ro])yl 
and sec-propyl is sufficient to render them 
different groups so far as an asymmetric carbon 
atom is concerned. Thus ?i-proi)yl-scc-])ropyl — 
cyanoaoetic acid 


//GH.-OI-L-CH; 

COOl-i 


was found to have a rotation [al^*^=-l-ll*3° in 
toluene solution y)=10*4, and ?i-butyl-?6‘o-butyl- 
acetic acid 

H 


//GHyOHyGHyGHa 

\ '-GHa 

^COOH 


had in the homogeneous state [a]“=-|-6*73° 
(Pisoher, Holtzapfol and v. Gwinnor, Bor. 1912, 
45, 247), and ?i-propyl-5fle-propyl oarbinol has 
-1-24*7 (Pickard and Kenyon, Ohom. Soc. 
Trans. 1912, 101, 024, frable V.). 

4. Tables I., HI. and V. show that the mole- 
cular rotation alters most rapidly in jjassing 
through the lower members of a homologous 
series, a comparative constancy being reached 
in the higher representatives. Those arc 
examples of a regularity first pointed out by 
P. If. Franldand and MacGregor (Ghem. 8oe. 
Trans. 1890, 09, 121), namely, that when sui)- 
stitution takes place in a molecule at a poini. 

from the asymmetric 

. . with but little change in 
rotatory power. Tschugaefl gives the data of 
Table IV. to show that : ‘ In every series of 
homologous derivatives of any asymmetric sub- 
stance there f)ccurH, at least within certain 
limits, an invc;---.' proi:M'; bsi d'ly between the 
values of the -pcvi:!': r- ; s'.ii i! and the corre- 
sponding molecular weight’ (Bor. 1898, 31, 
300). To these may bo added tho data by 
Pickard and Kenyon in Table V. According 
to Erankland, tho general behaviour, eHi)ooially 
the existence of a somewhat indistiTict and 
irregular maximum, may be cixplained thus : 
‘ According to tho commonly accepted views of 
stereochemistry, a continuous chain of five 
carbon atoms will all bub return upon itself, 
and, beyond this, further additions to tluj chain 
will leatl to such intorfereneci as must Jiccessiiaitt 
a readjustment of tho exact positions ocicupied 
by the carbon atoms in a shorter chain. B, is 
surely highly probable that this stcreoehemieul 
change should bo betrayed by some iy(!gularity 
in tho rotatory manifestations, idr (example, by 
tho exliibition of a maximum rolationdii those 
series in which tho ascent of the stu’ies leads to 


324 


POLARIMETRY. 


an increase in the rotatory power ’ (Chcin. Soc. 
Trans. 1899, 75, 308 ; 1912, 101, 658). 

Table VI i.— R otation of yuBSTiTUTisD . 
Ethyl Taktbates. 

(Ethyl tartrate, + 15-86°.) 


Substituent 

[Mj-;' 

Substituent 


Mono-.acetyl 

+23-1° 

Di-acetyl 

+ 9-9 

„ monocliloro 


„ monochloro- 


acetyl 

32-3 

acetyl . 

-f25-5 

„ trichloro- 


„ trichloro- 


aeetyl . 

54-7 

acetyl . 

+ 67-1 ‘ 

„ phenacetyl 

98-5 

„ phenacetyl 

+ 79-2 

„ benzoyl . 

61-4 

„ benzoyl 

-247-1 

„ o-toluyl . 

38-2 

„ o-toluyl 

-260-5 

„ m-toluyl . 

44-0 

„ m-toluyi . 

-306-3 

„ 2 )-toluyl . 

03-5 

„ p-toluyl 

— 484-4 

„ nitro 

89-23 = 

„ nitro 

+ 80-45 

„ m-nitro- 


„ m-nitro- 


benzoyl 

44-38'‘ 

benzoyl . 

-357-3 ' 


6. A regularity eriiergmg from the data of 
Table VII. was first pointed out by McCrae and 
Patterson (Chem. Soc. Trans. 1900, 77, 1108). 
One acyl group, introduced into the molecule 
of ethyl tartrate, brings about in each case a 
considerable increase of rotation, whilst the 
introduction of a second (with the one exception 
of the trichloroacetyl derivatives) causes a 
diminution, which for the purely aromatic 
radicles, benzoyl and the toluyls, is very groat 
indeed, the positive rotation of the mono- 
substitution product being changed into a very 
high negative rotation. 

6. Another question that has attracted 
attention relates to the effect upon rotation of 
the presence of multiple bonds. It is often 
asserted that a double bond raises the rotation, 
but as the following figures show this general 
statement requires qualification. 

Table VIII. 


=9) 


Menthyl ester of 

[M]“" 

(Alcoholic Solution 

Butyric acid 

, 

. -164-7° 

Crotonic „ 


. 263-1 

A“|3-Pentononio acid 


. 177-1 

A^Y „ „ 


. 172-5 

ayS „ „ 


166-2 

A“/3-Hoxenoio „ 


. 172-4 

A^^ 


164-1 

A^^ 

• 

. 153-5 

A®° » 1) 

A«l3-iIeptenoic „ 


154-4 


. 176-5 


(Rupe, Annalen, 1903, 327, 166) 

The double bond exerts a greater effect the 
nearer it is to the asymmetric centre. Menthyl 
butyrate has, almost exactly, what TschugaefE 
calls the constant molecular rotation for the 
menthyl esters, but when a double bond is intro- 
duced into the molecule to give menthyl oroton- 
ato, the rotation is very markedly augmented, 
the same thing on a smaller scale being notice- 
able for the other unsaturated acids in which 
the double bond is in the a^S-position. As the 
double bond moves further from the asymmetric 
centre the rotation gradually reverts to the 
normal value, the behaviour being thus in 

Davidson, Cliem. Soc. Trans. 1912, 

XOj.) 37i^« 

^ In 9 per cei^. methyl alcoholic solution, Fraiikland, 

H(!athcoi« la/.o ' ’ 

In 

Cote and {.utw, oo, ruo. 

■' Homogeneous; Frankland and Ilarger, ihU. 1904, 
85, 1578. 


accordance with the regularity of Erankland 
and MacGregor already alluded to under 4. 

Rupe has also shown that tins rotat?on of 
menthyl sorbate 

0 

CH3-CH=UH— 

[a]j)=— 88-53°, is much higher than that of 
A^Y-hexenoic acid menthyl ester, 

CH3~CHa-CH=CH-GH.,-CO-0-CioHi„, 
[ala =—65-11°, which ho attributes to the 
presence of a system of alternate single and 
double bonds, such as has been called by fi’hiele, 
conjugated, the menthyl sorbate containing a 
sot of three conjugated double bonds. 

No perfectly general rule regarding the 
influence of double bonds can bo formulated, 
however ; thus it has been shown by Eranldanci 
and O’SuUivan (Chem. Soc. Trans. 1911, 99, 
2327) that, whereas the rotation of propyl 
menthoxyacetate is less than that of aJlyl 
menthoxyacotate at 20°, it is greater at a 
temperature of 100°, whilst at about 38° the 
rotations of the two substances are equal. The 
effect of multiple bonds has been examined in a 
number of cases by Hilditch [ibid. 1909, 95, 1581). 

In regard to the relative influences upoii 
rotatory power which a substituent exerts in 
the ortho, mala, and j}ara positions respectively, 

. ”■* ’■'■ n found that the para di- 

I has the greatest rotation 

and the ortho the least, whilst the phenyl deriva- 
tive usually comes in lietwccu i\\a’ ortho and the 
meta compounds (P. E. Erankland, Chem. Soo. 
Trans. 1896, 69, 1538; 1912, 101, 660; Cohen 
and Dudley, ibid. 1910, 97, 1737). 

Influence of change of temperature on rotation. 
The early experiments of Biot indicated that 
temperature played a quite unimportant part 
in conditioning the rotation of active bodies, 
but later investigations, chiefly by P. E, Erank- 
land, have shown that, in reality, its influence 
is of the greatest consequence. Rotation may 
increase or diminish with change of temperature, 
or it may appear to remain almo.st unaffected, 
but it is probable that when (examined over a 
sufficient range, the rotation of an active com- 
pound will show a maximum or a minimum 
valuo,_ or perhaps several such. An idea of the 
behaviour met with will be obtained from Eigs. 
34 and 35, the former of which represents the 
influence of temperature change ui)on the mole- 
cular rotation of a number of closely rffiated 
substances. 

^ 

P' . _ . lolcd below 

this temperature its rotation becomes negative ; 
it therefore furnishes an example of a cornpoutul 
whose rotation passes through the point of in- 
activity at some deJinite temperature for light 
of a particular wave length. 'Phe rotation of 
ethyl tartrate is higher than that of the methyl 
ester and the increase of rotation on heating is 
somewhat greater. The point of inactivity 
would bo reached about —34°. Curves for the 
w-propyl, .sec-propyl, fao-butyl, *, 9 o-amyl, .vec- 
octyl and allyl esters are also shown. The 
curves are, in general, alike, but oven for such 
closely similar substances, the institution of 
comparisons between the rotation values at 
any one given temperature cannot yield very 


POLARIMETRY. 


325 


satisfactory results. The rotation values for 
these»osters at 20° would not bo in the same 
sequence as at, say, 180°. At the former 

Tern pet atu re Rotation Curves for Various 
Esters of Tartaric Acid, 


Teniperatiii-e. 



h'U'.r.rrrdure, ^nr instance, allyl tartrate has a 
;;i '!;(:!• nii- iiou than has wo-amyl tartrate, 
w'i'-ro",.- a: \'>u‘ latter the reverse is the case. 
Other examples are obvious. 

The curves of Pig. 35 refer to a number of 
compounds not so intimately related. The 

Temperature Rotation Curves for Various 
Esters. 


Temperature. 



scale of the rotations is very imich smaller, -the 
curve for scc-propyl tartrate of Pig. 34 being 
included for comparison. 

The uppermost curve represents the Ijc- 
haviour of (sthyl dimothoxysuccinatOjtho rotation 
of which, [M]|O=+210'0°, falls to 199-8° on 


heating to 60°. With this may be compared the 
curves for the methyl and ethyl esters of di- 
mothoxyju'oxjionic acid, which have rotations at 
20° of about —100°, becoming loss negative as 
the temperature rises. These dimethoxy- 
propionates are derived from Z-glyceric acid 

which, in its — t 

tartaric acid, sc ' . 

''' ‘ cZ-tartaric acid, would have 

of about +100°, gradually 
of temperature, and would 
thus show a behaviour closely analogous to 
that of the dimethoxysuccinates, which with 
two asymmetric centres have a rotation almost 
twice as great. The other curves on the diagram 
represent data obtained by P. P. Pranidanci and 
his pupils, and exhibit the very groat effect 
which change of temperature may exert. That 
for ethyl dibonzoyltartrato is of especial interest 
as it shows a minimum of —258° at a tempera- 
ture of 63° (Prankland and Wharton, Chom. 
Soc. Trans. 1896, 69, 1587). It was the first 
recorded instance of this phenomenon, but a 
considerable number of other cases have since 
been found. All the curves in Pig. 34 show 
distinct maxima, and maxima also exist in the 
temperature-rotation curves for ammonium and 
sodium — (Qrossmami and 
Potter, " . for solutions of 

sodium and potassium tartrates, for some of 
the potassium alkyl tartrates (Patterson, Chom. 
Soo. Trans. 1904, 86, 1116) and for homogonoous 
menthol (Patterson and Taylor, ibid. 1906, 87, 
33) and in other oases. 

’ - -(urves represent the results 

of ■ ■ ■ ■ Prankland, and Wharton 

(Ohom. Soo. Trans. 1896, 69, 1309, 1683) and 
Prankland and J-fargor {ibid. 1904, 86, 1671). 

That for ethyl n. — -icii pijo 

the graph for e ■ ' whilst 

those for ethyl di-m-nitrobonzoyltartrato and 

ethyl P ; '-j - again very 

simila: . ■ ■ ' ■ ■ )hyl cli-o-nitro- 

bonzoyltartrato is most remarkable. The very 
high negative rotation diminisheH with sur- 
prising rapidity as the temperature rises, a.nd 
apxjoars to have a point of ‘ inflection some- 
where botwexm 80" and 100". The degree 
in which relationship between rotation and 
constitution depends on the tora];)oraturo of 
comparison is strikingly apparent from this 
set of substances. At a low ixnnjjerature, the 
.'vl dcirivativo has the grcuiWst 
I- I-:; fa., whilst at a temperature of 
135'' ib would iiave the lowest, its graph cutting 
tho other’ emrves at intermediate temperatures. 
Nevertheless it is profjably of tho same tyx)o as 
tho other’s. Tho rotation of ethyl dilienzoyl- 
tartrato is a minimum at 63°, and it seems 
likely that tho di-o-toluyl derivativci will reae.h 
a minimum value at a somewhat lower temiKra,- 
turc', and similarly for tho m-nitrobeii'/oyl 
derivative. Tho slope of tho curve for ethyl 
di-25-nitrobenzr)yltartrato is greater, and ihere- 
foro its minimum should lie at a still lower 
tomx)eraturo. (Similarly, tho "last curve ma,y 
also have a minimum (h high numerical valiu', 
at an even lf)Wor ternpiu’al.imu On the olluu’ 
hand, the di-o-nitrobenzoyl derivative may 
rise to a maximum, and it is jirobii^de tlui't 
ethyl di-ju-nitrobenzoyltartrate and the other 
esters also have maxima at successively higher 
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temperatures. If this be true, the variation of 
the rotation of an active coinxiouncl with change 
of temperature is a periodic phenomenon, and 
several maxima and minima might be expected 
to occur as one or other of the groups attached 
to the preponderates. Un- 

fortunal ^ ■! to examine the varia- 

tion over a wide range of temperature. 

Attempts are often made to express mathe- 
matically the relationship between rotation and 
temjierature, the parabolic equation 

being usually apjjlied. If the above be true, 
however, this form cannot bo the correct one to 
use ; if it were, the rotation would not be a 
periodic function, but should proceed towards 
infinity both at low and at high temperatures, 
and the two limbs of the curve ought to be of 
exactly the same shape. Winther (Zcitsch. 
physikal. Ohem. 1902, 41, 176) has calculated 
such an equation for ethyl tartrate and reduced 
it to the form 

[a]^=14■126-0•000401[^~149^^ 

the temperature 149° being that of the maximum 
rotation. He suggested that the value of the 
specific rotation should be reckoned, not from 
zero, but from this maximum value, such a 
datum to be called the ‘ rational specific rota- 
tion,’ [A]p. 

[A]^=a-[a]J=?.p~149r 

{l.G. 207). 

Winther assumes that the temperature at 
which the maximum occurs is the same at 
least for the throe esters with which he deals, 
but this is not the case (Patterson, Chom. Soc. 
Trans. 1908, 93, 1844). The curves of Fig. 34 
show maximum rotations at temperatures as 
below- 

Table IX. 


Ester Temperature Maximum [M]i) 


Ethyl tartrate 

175° 

-1-30 *9° 

TO-Propyl „ 

150 

41-65 

fiCC-Propyl „ 

144 

58-03 

ffio-Butyl „ 

120 

53-9 

fso-Amyl „ 

161 

48-72 

Allyl 

130 

43-24 

sec-Octyl „ 

160 

51-46 


It may bo, how'’ever, that the maximum 
rotations occur at ‘ corresponding ’ tempera- 
tures at whiclx it w'ould bo legitimate to comparo 
with one another the rotation values of different 
active compounds, or that comparison should 
be made at temperatures connected in some 
simple manner mth those at which the maxima 
occur. A suggestion of this sort was made by 
Patterson (Ohem. Soc. Trans. 1904, 85, 765), 
based on the fact that the rotations of methyl, 
ethyl, and m-propyl tartrate would respectively 
become zero at 0°, —34°, and —60° ; the.so may 
be ‘ corresponding ’ temperatures, and, as a 
first approximation, the rotations, of methyl 
tartrate, of ethyl tartrate, and of «-propyl 
tartrate may bo directly comparable at T°, 
(T— 34°), and (T— 60°) respectively. The 
ratio of the rotations of the esters thus obtained 
stant over a fairly wide 

It nPay be added that when turpentine was 
converted into vapour it still retained its optical 


power (Biot, Ann. Chim. Pbys. 1819, [ii.] 10, 
73), and the same thing ha.s been obser^i'xd for 
certain derivatives of amyl alcohol (Guyc and 
do Amaral, Arch. sc. phys. Geneve, 1895, [iii.] 
33, 409, 613 : Compt. rend. 1895, 120, 1345 ; 
Wied. Beibl. 1895, 19, 792, 894). 

Influence of pressure on rolalion. To deter- 
mine the influence of pressure on rotation i.s 
very difficult, since the pressure apifiicd to the 
liquid must also be applied to the end discs of 
the containing tube, when they too become 
double refracting and optically active. In the 
one investigation which has been carried out 
on the subject, L. H. Siertsema (Arch. N6erl. 
Sci. 1899, [ii._l 2, 29 ; 1900, [ii.] 3, 79) found it 
necessary to immerse the polarising and analy.s- 
ing prisms in the liquid to bo examined and 
submit them as well as the liquid to the pressure. 
It was found, for instance, that the rotation, 
12'4°, of a decimetre layer of a cane sugar 
solution c=18'7, was only altered by about 
0-31° per one hundred atmospheres increase of 
pressure. (Those figures are calculated from 
the numbers in the tables given by Siertsema.) 

Rotation in solution. The rotation of an 
active compound in solution in an inactive* 
liquid is usually different, and often very greatly 
different, from its rotation in the homogeneous 
condition. The behaviour of ethyl tartrate on 
dilution with water illustrates this well. The 
rotation of the homogeneous ester, at 20° 
(1=1 decimeter), is 9-4°, and if the tube were 
extended to twice its original length, without 
alteration of the cross section, xvaier being added 
to fill up the resulting space*, the rotation of the 
2 decimeter layer of solution, after thorough 
mixing, would be 204°, or more than twice as 
much as before. If the tube W{*re again doxibled 
in length and more water added, the rotation 
would become 27*0°, and on continuing the 
process until the tube could bo considered 
infinitely long, a rotation of 32*3° would ulti- 
mately be reached. 

The curves shown in Fig. 36 represent the 
effect of several solvents of very different 
character, not upon the obsorvesd, but upon the 
specific rotation of this ester, at 20°. For pure 
homogeneous ethyl tartrate [aj^ '=-|-7*8°, atul 
this increases on mixture with water in such a 
manner as to reach the value -|-2()*84° in an 
extremely dilute solution. In nitrobenzene, 
the increase of rotation is something the same* 
as in water Init the curve is different in Hha])e 
and the effect of the solvent is grcat(*r, the 
rotation in very dilute solution being raised to 
-(-41°. In ethyl alcohol, the rotation diminishes 
slightly to reach a minimum value at a concen- 
tration of p==60, after ■which it increases to a 
final value of ■4-9*13°. I’lio behaviour of 
bonzaldoximo is very remarkable ; the rotation 
of the ester increases until p=I0, at which 
point a maximum value of -(-13*6" i.s reached. 
Further addition of oxime then diminishes the 
rotation, so that at p=22 the solution becomes 
inactive, and at infinite dilution the .specific 
rotation would bo approximatfily —16°. The 
rotation therefore varies 30° ' betw(*en the 
extreme limits, and by about (iqual amounts on 
either side of zero (Gluim. Soc. Trans. 1907, 91, 
508), In acetylene tetrabrotnicb* the rotation 
of the dissolved ethyl tartrate diminishes very 
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rapidly with diminution of concentration, the 
rat ’ ■ ' ■ -.ter as the dilution increases, 

to * ' to a value of —20°. 

Thus the rotation of this ester, whoso specific 
rotation in the pure condition is only +7'8°, 
can bo made to vary from +41° to —20° by 


Influence of Various Solvents on the Rotation 
of Ethyl Tartrate. 



the molecular solution-volume of the ethyl 
tartrate at infinite dilution in the different 
solvents was determined, the assumption being 
made, as a first approximation, that all the 
change of volume suffered in the process of 
solution might be attributed to the solute, and 
further, that the magnitude of the solution- 
volume might bo regarded as a measure of the 
internal pressure. Although those assumptions 
are not generally admissible, it is nevertheless 
possible that in some instances they may be 
nearly fulfilled. In any ease experiment dis- 
covered a parallelism between the magnitude of 
the specific rotation and the molecular solution- 
volume, both at infinite dilution, as is illustrated 
in the following table (Bor. 1905, 38, 4101). 

Table X. — Rotation and Solution-Volume 
OE Ethyl Taiitmatb in Various Solvents. 

(Ethyl tartrate, M.V.=170-9 c.c.) 



[M.S.V.]"" 

[al™ inflnito 

Solvent inllnito dilution 

dilution 

Water 

1(50-1 

+2(5-85° 

Methyl alcohol . 

159-3 

+ 11-50 

Glycerol . 

163-3 

+ 10-57 

.Ethyl alcohol 

1(54 

+9-13 

?i-Propyl alcohol 

107-5 

+7-40 

b9o-Butyl alcohol 

170-3 

+0-53 

sec- Octyl alcohol 

174-3 

+5-24 

Benzene . 

176-1 

+6-1 

Toluene 

174-8 

+4-0 

0 - Xylene . 

170-8 

+2-7 

w-Xylono . 

170-5 

+ 1-8 

jp- Xylene . 

170-1 

+0-7 

Mositylono 

177-4 

-3-0 

Chloroform 

178 

-3-2 


solution in thciso solvents ; clearly, therefore, 
care must bo taken in_ reporting the exact 
circumstances under which any rotation has 
been measured, and also in utilising rotation 
da(,a obtained by the use of several different 
solvents. The curves also show that if an 
active compound is solid, so that its rotation in 
the homogeneous litpiid condition cannot be 
determined, this value may still be arrived at 
!iv "v! ‘'‘r. fmm the data for its solutions, 

bly !i li-imb'T of solvents, the accuracy 
■■.■bn V. ii.- i-xi .'■i!])olation could 1)0 made 
depending, of counse, on the solu))ility of the 
compound. 

Many attempts have been made to explain 
those remarkable effects. Naturally a correla- 
tion has been suggested between the rotation 
and the osmotic molecular weight of the dis- 
solved substance, but it has proved impossible 
u]i to the present to establish any connection. 
(jSVt Franklfind and Pickard, Chem. Soc. Trans. 
1890, (19, 131 ; Patterson, ihid. 1901, 79, 182 ; 
1902, 81, nil ; .Ber. 1905, 38, 4(M9 ; 1908, 41, 
113; Piittcrson and Thomson, ibid. 1907, 40, 
1244 ; Waldmi, ibid. 1905, 38, 389 ; 1900, 39, 
058 ; 1907, 40, 2403 ; Piirdie and Irvine, Chem. 
Hoc. Trims. 1904, 85, 1055.) _ 

Another ])i'o]iosal. ' ' ” ’'by Tara- 

mium, was that the ■ ' ■■ ' ' ' ■ upon the 

inti'rnal pressure of the soiveni or oi mo mixture 
of solute and solvent. This idea was applied 
by Piitterson ((Jhem. Boc. O’rans. 1901, 79, 188) 
in the ciiso of ethyl tartrate in various solvents, 
but instead of calculating the internal pressure, 


.Excepting for water, there appears to bo a 
fairly close relationship between the values of 
those two magnitudes. The idea was taken up 
by Winthcr and applied to explain the change 
oii rotatory power with variation of temperature. 
In certain cases it is found that there is a direct, 
linear relationship between the vsilues of the 
rotation and the molecular volume either in the 
!io:-ii m;u-- condition or in solution. Thus, 
for ‘■'vistup!--. ;!i.o figures for homogonoous ethyl 
.■ilui^.^yv!: irir;:'.': may be given. 


Table XI. 
t 

5()-8° 

9745 
71*3 
78-2 
8(i-7 
100 

In the above table v is the spooifio volume, 
and h is a constant calculated from the equa- 
tion : 

A[a]j.j=/cA?L 

The values of Ic vary irregularly about a 
mean value of 54, so that (ho rotation appears 
to be directly proportional to the speoifio 
volume. (For' many other examiilcs see Win- 
ther, Zeitsch. ])hysikal. (Jhem. 190(5, 55, 
2(53.) ' _ ^ 

Mula-rotalion. It not i'vfrcrj-icr.ily hiinnens 
that the rotation of a l;(.■!■■j) i-.!;''!. .ly in 


C'dn 

+4-37° 

4-75 

4- 92 

5- 20 
5-(i0 
0-30 


Afaln 

0-38 

0-17 

0-28 

0-40 

0-70 


t) 

0-8906 

0-8993 

0-9020 

0-9081 

0-9151 

0-92(55 


At) 

0-0087 

0-0027 

()-00(51 

()-0070 

0-0114 


44 

(53 

4(5 

57 

01 
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solution, starting from a certain initial value 
gradually falls to reach a different end value. 
The substances which first attracted attention 
in this direction belong to the class of sugars, 
which rendered the matter of practical import- 
ance. When d-glucose is crystallised from 
70 p.c. alcohol at the ordinary temperature, an 
anhydrous product is obtained, giving when 
dissolved in water, an initial speeiflo rotation of 
about 4-109° which falls gradually to the con- 
stant value 4-53°. The solid form is called 
d-tt-glucose. If, on the other hand, glucose be 
crystallised from water at a temperature above 
98°, a solid, d-^S-glucose, separates having a 
rotation initially of only 4-19° or thereabouts, 
the value being a little uncertain, as the sub- 
stance is diflfioult to prepare in a pure condition. 
This rotation, too, changes slowly with lapse of 
time and ultimately also acquires the value 
4-53°. Since the final rotation is almost half 
the highest value the phenomenon used to be 
called bi-rotation or semi-rotation, but is now 
generally referred to, on the suggestion of 
Lowry, as muta-rotation. A similar behaviour 
is found for fructose, galactose, lactose, maltose 
and other sugars. 

The two varieties of glucose in the solid 
condition may bo reprcsontccl by the formulae : 


HO. /H 
0'/- 0 

H-i-OH 

HO-i-H 

H-C) 

inaOH 

£/-«-01ucofio. 


H\ .OH (1) 
^C- 0 

H-ioH 

HO-ci-H 

ii-d) - 

hAoh 

OHaOH 

Glucose. 


HO\ ii 

\o/ 

H-i-OTI 
HO-i-H 
H-i- ' 

H-ioH 

ilTaOH 

«?-o-Glucose. 


IL yOH 

H-C'OH 

HO-O-H 

H-G- 

H-O'OH 

CJ-IaOH 

f^'/i-Glucose. 


in which, however, the relative positions of the 
hydrogen atom cund the hydroxyl group attached 
to the uppermost carbon atom ■ ' ’ 

known.* When one of these ■ ; 
solved in water a change might take place in 
two essentially different ways. Emil Eischcr 
(Ber. 1890, 23, 2626) suggested that the mole- 
ctilo may become hydrated, the final constant 
value of the rotation being that of the hydrate. 
Lowry, however (Chem. Soc. Trans. 18'99, 75, 
213; 1904, 85, 1541, 1551), from analogy with 
the rotation changes which take place in nitro- 
camiDhor in non-aqueous solutions, in wliich 
there can bo no hydration, attributes the change 
to an isodynamic process or perhaps to two such 


processes : 


(-1) 

I 

(2) H-O-OH 
HO-C-II 
H-fi-OH (3) 


II-O-OIJ 
&-0H 
HO -ill 
H-i-OH 


IT-O-OH 

il-IaOH 

Aldeliyde form. 


H-C-OH 

ilaOII 

Tinol form. 


In solution the compound of constant rota- 
tion may have the true aldehyde formula or it 
might have the enolic structure, the presence 
of which last seems necessary to account for the 
readiness with which glucose m faintly alkaline 
solution is converted into a mixture of glucose, 
fructose and mannose. On dissolving a-^-glu- 
coso in water, the hydrogen atom marked (1) 
may wander to the lactonic oxygen atom, the 
rippermost carbon atom of the d-j3-glucosc 
molecule thus losing its asymmetry to give the 
TT p n 

inactive group ^ of the aldehyde form. 

If now this hydrogen atom passes back again 
from its position (3) and attaches itself to the 
- V v . ■ Tom (4) by the bond indicated 
„ : . I , it will yield tZ-a-glucoso, in 

which the asymmetry of the uppermost carbon 
atom is the opposite of that found in d-/3 -glucose. 
If the hydrogen atom (2) of the aldehyde form 
•wanders to the oxygen atom (4), both of the 
upper carbon atoms lose their asymmetry and 
the enolic form results, which presumably may 
pass back again through the aldehyde form into 
d-a-glucoso or -glucose or into the two forms 
of fructos^’ or mannose respectively. 


Influence of Temperature Change on JRolaiion in 
Solution. 

Alteration of the tomperaturo of a solution 
is generally accom])aniod, as in the case of a 
homogeneous compound, by a corresponding 
alteration in rotation. The case of ethyl tar- 
trate has been examined fairly completely and 
the curves of Eig. 37 will help to cxifiain the 
results obtained ; the thick graph represents 
the change of rotation of the undiluted 
ester. 

In a solvent such as acetylene tetrachloride, 
p=9-3 which, at 20°, has a poAverful depressing 
effect, the rotation rises rapidly with increase of 
tomperaturo, whilst in a solvent like a-nitro- 
naphthaleno, p=6, which greatly raises the 
rotation of the ester, rise of tomperaturo dimin- 
ishes the rotation with almost equal rapidity. 
Other solvents, or the same solvents at inter- 
mediate concentrations, produce effects lying 
between these extremes, Iti such a manner that, 
roughly speaking, the whole series of curves 
gives the impression of a gradual variation of 

’ Sec E. E. Armstrons ; Tiie Simple Carbuliyilrates 
and the Glucosides (Longmans, 1010), p. 64. 
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some property iiTeKiJcciivo of the chemical 
composition of the solvenis. It is interesting 
that, whilst the maximum rotation of the 
homogeneous ester lies at a temperature of 
175°, it is again cpiito apparent in a solution in 
m-dinitro-h(ui7.eno of y)=49‘(), but at a lower 

Influence of Temperature on Rotation 
in Solution 

Ethyl Tartrate m Various Solvents. 



temperature, 123°. The curve for p-nitro- 
toluene, 25—20, shows ii maximum at about H5°, 
and, from the appearance of tlie other curv(!S, 
the maximum passes rapidly to lower tempera- 
tures as the rotation increases. It semns likely 
that other substances closely related to ethyl 
tartrate would behave in solution iu a very 
similar manner. 

Bolaiion of active mils in solution. In 1 873, 
Landolt (Ber. 1873, 0, 1077) observed that some 
of the neutral tartrates iu .aqueous Bolution had 
all very nearly the Hame specilic rotation, whilst, 
later, Oudemans (Annalen, 1879, 197, 48, GO) 
showed that the rotation of dilute solutions of 
sfilts of quinamine scajmed to be imhspeudent of 
the acid radicle. Hlidrich (Zeitseh. physikal. 
Chem. 1893, 12, 476) applied the dissociation 
theory to the explanation of tfieso results, 
suggesting that, as the solution of a .salt is <li- 
luted, the rotation i.s modified bee.auso the 
active radicle bccome.s more and more dissoci- 
ated from, and thoreforcs less and less infliumcted 
by, the inactive radicle. In very dilute solu- 
tioms, the rotation is that, merely, of the free 
active ion. Thus Landolt found the following 
data for solutions containing 7*69 grins, of 
tartaric acid in 100^ c.c. Even in these by no 


mo£an,s very dilute solutions iho rotations lie 


fairly close together. 

Neutral tartrate of fMl„ 

Lithium . . . +58-1° 

Sodium . . . 59*9 

Pot<a.ssium . . . 64*4 

Ammonium . . . 03*0 


Again, Pope and Peachey (Chem. Soc. Tran.s. 
1899, 75, 1080) give the following rot.ations for 
compounds formed by the combination re- 
spectively of doxtro- and Ltovo- tetrahydro- 
quinaldine with dcxtro-cam]5hor-sulphonic acid. 

Substance [Ml,, 

fZOi o'Hj sN*rZCi „ H'l -,0 -SO „I-I + 173*3° 

Half the difference between those, 121*4°, 
should bo the rotation of a dilute .solution of 
cither form of tetrahydroquinaldino hydro- 
chloride, and for the hevo variety experiment 
gave —121*7°. Further, half the .sum of the 
above, 51*9°, should bo the rotatory power of 
ammonium camphor sulphonato, for which the 
value 51*7° was found. T'-’ *■ ” ■ .itio 

of this principle in deter* * ■ of 

small quantities of active bases or acid.s, obtained 
l)y the resolution of potentially active com- 
pounds. 

The ia’uth of this Law of Oudomans, as it is 
called, has been questioned by F. L. Shinn (J. 
Phy.s. Chem. 1907, 11, 201). 

The following table gives some data for ethyl 
tartrate and for nicotine, in regard to the relatives 
clleot of tiro same sot of solvents on the rotation 
of a number of cliiTeront active compounds. 


Tabm XIL 


Solvent 
Formamido . 
Water 

Methyl alcohol 
Ethyl alcohol 
Benzene 

Etliylcno bromide 


Ethyl tartrate 

Nicotine 

[n.J„ in Unite 

[all, inlliiit 

dilution 

dilution 

+30*4° 

-70° 

26*85 

77*4 

11*5 

129-4 

9*13 

140*1 

6*1 

163*5 

-19*1 

183*5 


The sequence of the rotations iu these 
difl;(5rent solvent.s is the same for both active 
compounds. See also Walden (Ber. 1905, 88, 
345) for data bearing on this subject. Further 
work in this dir(u;tion is de.siral)lo. 

Mixed solvents. The effect of mixed solvents 
such, for instance, as a mixture of nitrobenzeim 
and ethylene l)romidc on ethyl tartrate, or of 
water and calcium chloride, on glucose, has been 
examined Iry Rimbach (Zciitsch. physikal. Chem. 
1892, 9, 698 ; Rimbach and Weber (ibid, 1905, 
51, 473) ; Ihitterson and Montgomerie (Chem. 
Soo. Trans. 1909, 95, 1128) ; Stubbs {ibid. 1911, 
09, 2265); Patterson and Anderson {ibid. 1912, 
101, 1833), but no generalisation acems to be 
pof-isiblo as yet. 


Ooinbinaiion of Active Solute with Inactive 
Solvent. 

A .suggestion often made to account for the 
variations of rotation observed in solution in 
vhali are ternuid ‘ indilforent ’ solvents, is that 
complex molecule.') of solute Jind solvent are 
formed, but the evhhmco advanced is iVii'ially of 
a negative character. An extensive re.scitreh 
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by Scheuer (Zcitsch. physikal. Ghem. 1910, 72, 
513), which included experiments on the vis- 
cosity, dilatation, melting-point, and rotation 
for light of various refrangibilities, of mixtures 
of ethyl diacotyltartrate, and menthol re- 
spectively, with a number of different solvents, 
failed to detect, either in the liquid or the solid 
phase, any sign of complex formation. 

In some oases, however, combination cer- 
tainly does occur. Thus Biot (Mem. do I’Acad. 
1837, 16, 229 ; Ann. Chim. Phys. 1844, [iii.] 11, 
82 ; 1850, 29, 341, 430 ; I860, 59, 229) noticed 
that the addition of boric acid to solutions of 
tartaric acid greatly increased their rotation, 
and the same thing has been observed by 
Gemez for molybdates and tungstates (Compt. 
rend. 1887, 104, 783 ; 1888, 106, 1527 ; 1889, 
108, 942). The addition of one molecular pro- 
portion of ammonium molybdate 

[NHJ„Moj02i.4H20, 

to a c=2"5 solution of tartaric acid, raises the 
rotation, a^'^, from -|-0*351° to -1-15’66°. This 
principle is therefore occasionally employed in 
investigations whore small quantities of active 
compounds are obtained, in order to increase 
the rotation and render it perceptible. These 
increases have only been observed for active 
oxy acids, and the method must bo used 
with caution, since it was found by Gernez 
(Compt. rend. 1889, 109, 709) that AVhilst the 
addition of one ' ' ■' ' ■’ 

of sodium ■ . . . k ■'■.:! "to 

malic acid solution, c=9‘97, raised from 
— 0'189° to -j-13*26°, the addition respectively 
of 1-4, 2‘85, 4-25 grms., gave in each instance 
an inactive solution, maximum and minimum 
rotations occurring at intermediate concentra- 
tions. Compounds of this typo and also those 
containing arsenic and antimony have been 
examined by G. G. Henderson with Prentice 
(Ohem. Soc. Trans. 1895, 07, 1035), Barr (ibid. 
1896, 69, 1452) and Orr and Whitehead (ibid. 
1899, 75, 548) not only with malic acid but also 
with lactic acid, whilk Walden (Bcr. 1897, 30, 
2889) uses alkaline uranyl nitrate for producing 
strongly active compounds of the same type. 

Rotation dispersion. The determination of 
the rotation for light of different wave-lengths 
may be carried out cither with approximately 
monochromatic sources of light, such as a llame 
eontaming incandescent salts of sodium, lithium, 
thallium, indium, or that from a mercury arc 
lamp, the light being purified liy means of some 
coloured solution which absorbs the rays not 
required. (See, for example, Winthor, Zcitsch. 
physikal. Chem. 1902, 41, 161 ; Scheuer, ibid. 
1910, 72, 513.) It is, however, better to purify 
white light or that from any of the sources 
mentioned, by means of a spectroscope, placed 
at either end of the polarimeter. 

Results similar to the following are then 
obtained : 

Fraimhofer line BCD E E (1 
Wave-length 0867 050'2 589-2 526-9 480-1 430-7 
Quartz ’ a 

n min.l •+ 15-75° 17-81° 21-71“ 27-54“ 32-76“ 42-59“ 
Sucrose [a] -(-47-50 52-70 00-40 84-56101-81131-90 

The r'ltio of the values for light of any tw'o 

' Sorrt and Sarasin, Compt. rend. 1882, 95 085 

Cane sugar in water, ;j=10-30, Stefan, Wien. Sitz. 
Ber. 1800, 52, ii. 480. 


wave-lengths is termed the dispersion co- 
efficient, and in the above cases, taking the B 
line as unit, the dispersion coefficients would l)o 
as follows : 

Fraunhofer line B C 1) E F (1 

Quartz . . 1 1-09 1-38 1-75 2-08 2-7() 

Sucrose .1 l-ll 1-40 1-78 2-13 2-77 

The dispersion of quartz is practically the 
same as that of a cane sugar solution — a sucrose 
solution which has the same rotation as a certain 
quartz plate for any one ray Avill have the same 
rotation as the quartz plato for all rays, which 
makes it possible to use qu" ■ ' - ’ ■ ■ ■ . 

tion instruments for the 
rotation of sugar solutions. 

For the relationship between the rotation 
and the Wave-length of the light used, Boltz- 
mann (Pogg. Aim. Jubelb. 1874, 128) has pro- 
posed the equation 


in w-hich, from the above ohservations on 
quartz, A=7-108293xl0-" and B=0-1477086 
Xl0-‘“. For the sugar solution A=2-1603() 
XlO--- and B = 5-47276 X 10- Whither 
(Zoitsch. physikal. Ghem. 1902, 41, 182) suggests 
another expression, which agrees better, with 
his results for esters of tartaric acid and may 
prove to bo of a more suitable form. 

In a number of compounds such as quartz, 
and in sucrose solutions, tho dispersion co- 
offioionts do not vary with change of tempera- 
ture, and in numerous cases also tho dispersion 
coefficients arc tho same fc" 
active substance as for its ■ ■ - 

dispersion is said to bo normal. Sometimes, 
however, as was first observed for solutions of 
tartaric acid by Biot (Mem. do I’Acad. 1838, 15, 
93), tho magnitude of the rotation does not 
ineroc ' ” -s tho wave-length of tho 

light . ■ , hut reaches a maximum 

at some intermediate wave length and then 
decreases again. Winther (Zcitsch. iihysikal. 
Ghem. 1902, 41, 177) finds this to occur also in 
homogeneous compounds, such as the methyl, 
ethyl and ?i-propyl esters of tartaric acid and 
tho same holds ’’for ethyl diacotyltartrate 
(Scheuer, ibid. 1910, 72, 587). 

Fig. 38 represents data olitained by Winther 
(l.c.) for tho first three simplo esters of tartaric 
acid, at a number of dilferont temperatures, 
the dispersion being ahnorinal in all cases. ’The 
maximum rotation for methyl tartratn occurs 
in the neighhoiirhood of the yellow light, but as 
^ rises the maxiimim shows a 

towards the violet ; this is 
clearly more pronounced amongst the curves for 
ethyl tartrate, and so much so in those for 
w-propyl tartrate that at 70“ tho disjmrsion has 
almost bccomo normal. It is of interest that, 
just as has already Ijeen observed in regard to 
the effect of temperature change on rotation in 
solution (Fig. 37), tho set of curves for these three 
homologous esters seems to form a complete 
whole ; some property aiqoears to progress 
gradually throughout the diagram, irrespective 
of tho nature of tho chemical compound used. 
The alteration of dispersion for tho three esters 
is closely analogous, so that if methyl tartrate 
be heated until it has a rotation of, say, a° for 
tho red rays, its dispersion curve at that tempera- 
ture will ho tho same as that for ethyl tartrate 
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at the temperature at which its rotation is also 
a° fof red light, the same curve being obtained 
for n-propyl tartrate at some other temperature, 
d’ho disxiorsion curve for ethyl tartrate, for 
examxdo at 72°, is coincident with the dispersion 
(iurve for w-projiyl tartral.e at 19° ; so far as this 
property is concerned, ethyl tartrate at 72° 


Rotation Dispersion of Methyl, Ethyl and 
n Propyl Tartrate at Different Temperatures. 



sccjns to be the same thing as w-propyl tartrate 
at 19°. 

For a photograjjhic method of determining 
dispersion into the ultra-viciiet, see Lowry, 
Proc. Roy. Soc. 1908, A. 81, 472. 

Magnetic rotation. Faraday discovered in 
184.7 that the jdane of polarisation of light 
passed through tranKi)arent matter of any land 
it! a magnetic field in the direction of the lines 
of force, is altered to an extent jiroportional to 
the strength of the field, the thickness of the 
layer of substance traversed, and the nature of 
the light used. If the field is xmoduced by a 
current flowing round a coil, the direction of 
rotation of the plaim of polarisation is generally 
positive for diamagnetic substances and negative 
for magnetic substances, the jjositivo direction 
being that in which the current producing the 
field flows, without reference to the direction of 
the ray. 'Phus if the field lie jiroduced by a 
current flowing in the counter-clockwise direc- 
tion relative to the observer, the rotation of a 
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positive substance will bo also in a counter- 
clockwise direction, and if the beam be rellocted 
’ 'k sukstanco the jilane of 

gain deflected in the same 
■ ■ , ■ that the angle of rotation 

after passing back and forwards through the 
substance will be doubled. Magnetic rotation 
thus differs very markedly from ixirmancnt 
rotation. 

From the chemical point of view this pheno- 
menon has been developed almost exclusively 
by the late Sir W. H. Perkin, in a series of very 
comprehensive papers (Chem. Soc. Trans. 3882, 
41, 330 ; 1884, 45, 421 ; 1896, 09, 1025 ; 190(5, 
89, 608 ; 1907, 91, 806 .and others). 

Perldn’s method consists in determining the 
magnetic rotation of water and then und(;r the 
same circumstances of field, &;o., the magnetic 
rotation of some other substance, the current 
being reversed after each observation and the 
mean of the sum taken. Each rotation is then 
divided by the corresponding density, the value 
thus found for the substance as oomi)ared witli 
that for water taken as unity being the specific 
magnetic rotation of the substance, ifhe speci fie 
rotation multiplied by the molecular weight 
gives the molecular magnetic rotation. 

In ascending ‘ ’ iries, the mole- 
cular magnetic ■ ■ , by a con.stant 

amount for each OHa group added,* and dcrmila* 
values may bo obtained for certain grouj)S or 
atoms so that, knowing the constilaition of a 
compound, its molecular magnetic rotatk)n can 
bo calculated. Perkin applied this method as 
a criterion for the determination of the con- 
stitution of certain substances Avliich X)r(.iHtuitefl 
difficulty. Thus, for example, he found ({Jhem. 
Soc. Trans. 1902, 81, 294) 

Substance Molecular nmgiietic. rotation 
Plexano , . . ()d)46 

l-Iexamcthyleno . 6'0(i4 

the difference between these values (■— 0‘982) 
being that duo to ring formation and lo.ss of two 
atoms of hydrogen.^ In his last paper {ibid. 
1907, 91, 807) he quotes : 

Magnetic rotation of hoxatriono . 12‘19(5 

Difference duo to ring formation . — ()'9B2 

11 -21 4 

The sum, 11-214, should bo the rotation of 
benzene, which is, in fact, 1.1 -284. ''.riun’cs is 
little doubt that magnetic rotation is oik; of the. 
most definitely constitutive prox)crii<3,4 that 
know, but, owing to th,e elaborate and cosl/ly 
olmracter of ils'- !..ii:ir.'.;u- required atid the uii" 
remitting sary in carrying out 

observations, it has been used by few other 
workers. 

In addition to the original papers c|uot<3d in 
this article, the following books may 1x3 (xm- 
.sulteil for fuller dcstails regarding most of tins 
matters dealt with: — H'. Landolt, Das o})tis(!lie 
Drehungsvermfjgcn organischer Vorbiuduugmi, 
1898; the same, translated, with additions to 
date, by J. H. Long, 'I’lie Ojitical Ro(,ating 
Power of Organic tSubstancciS, 1902; .1. li. 

van’t Ihjff, The Arrangcnmuit of Atoms iti 
iS|)ace, translated by A. .Filoart,!' 1 898 ; A. 
Werner, Kurzes Lffiir' ■ ' ' . 

1904; A. W. iStewart, '■ 

t. H. P. 
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POLIANITE V. Pykolusitis, 

POLONIUM {Radium F ; Had iotdlurium). 
At.wfc. =approx. 210 (?). 

A radioactive element, discovered by P. and 
M. Curie in the residues obtained from pitch- 
blende after the mineral had been roasted with 
sodium carbonate and the product extracted 
with sulphuric acid to dissolve uranium salts. 
The_ insoluble residue, from which radium was 
originally prepared, was found to contain another 
radioactive element which was precipitated to- 
gether with bismuth sulphide by sulphuretted 
hydrogen in acid solution (Compt. rend. 1898, 
127, 175). The further separation of the active 
body from bismuth was effected by the following 
methods: (1) sublimation of the sulphides at 
700° in vacuo, the active sulphide being the more 
volatile ; (2) precipitation of the basic nitrates 
from solution, the active material precipitating 
first ; (3) precipitation of a strongly acid chloride 
solution with hydrogen sulphide, the active 
sulphide separating first. (For the preparation 
of polonium compounds v. also Giesel, Ann. 
Ohim. Phys. 1899, fii.] 69, 91 ; Ber. 1902, 35, 
3608 ; 1903, 36, 728, 2368 ; 1908, 41, 1059 ; 
Marckwald, Ber. 1902, 35, 2285; Curio and 
Debierne, Compt. rend. 1910, 150, 386.) 

In 1902, Marckwald (Ber. 1902, 35, 2285, 
4230 ; 1903, 36, 2662) obtained a radioactive 
substance associated with tellurium, which ho 
called radiotellurium. This is almost certainly 
identical with polonium, as Debierne soon after- 
wards pointed out (Compt. rend. 1904, 139,' 
281). h. 1 1 ,1 "b.^Radioaktiv. 

Elektn ■ . ■. ■, -f. '.'ijy , , . their identity, 

^ (Chem. Zontr. 1906, ii. 412) 

• his material should bo called 

polonium. 

Polonium has been found in the uranium 
mineral oarnotite (Eriedel and Cumenge, Compt. 
rend. 1899, 128, 532). 

When a^plate of bismuth is immersed in a 
n'll'!-,':;: -■•■I;;' ‘r,;;. the active matter is deposited 

i i active material is also precipi- 

tated by stannous chloride (Marck%vald). 

The radiation from polonium is extremely 
active, consisting entirely of a-rays identical 
with those of radium (Becqxiorol, Compt. rend. 
1903, 136, 431, 977). The rays are deflected in 
a strong magnetic field (Mackenzie, Phil. Mag. 
1905, [vi.] 10, 538 ; Ewers, Ohom. Zentr. 1906 
i. 1084). The range of the a-particles in air is 
3-8 eras. (Levin, Amer. J. Sci. 1906, [iv.] 22, 8 • 
cf. Aschkinass._ Annalon Physik. 1908, [iv.] 27. 
.377). The activity p''L.r:';:r.i decays accord- 
ing to the usual -.v. the half-period 

being 140 days , C --r :. I'end. 1906, 142, 
273). The half-period for radiotellurium is 
139’6 days (Greinacher and Herrmann, Jahrb. 
Radioaktiv. Elektronik. 1905, 2, 136). 

Owing to the minute quantities of polonium 
available it has been extremely difficult to 
detect helium as one of its disintegration pro 
ducts, but Curio and Debierne (Compt. rend. 
1910, 150, 386) have obtained 1-3 c.mm. of 

helium fro q.j 

niuni {cf. • ■ ■ ■ Kerifbaum, Zeitsch. 

physikal. Chem. 1907, 8, 339). The spectrum 
lines A==4r^2, ^4170-5, 3913*0, 36.52*1 probably 
belong •, _ ’onium preparation's 

slowly . Comnt. rend. 1909, 

148, 1605). 


Polonium has boon identified with radium E, 
the last of the series of transfornm- ior. -■ 

of radium that has been n: Ti.e 

change from radium to radiun. 1' . :'.i- 

loss of four a p.articles from the atom. The 
atomic weight of polonium should therefore bo 
about 210. The unknown radium G, into which 
polonium disintegrates, is devoid of sensible 
radioactivity, since the half period of polonium 
preparations that have been kept for five years 
is practically identical Avith the figure given 
above (Waters, Phil. Mag. 1910, [vn] 19, '905). 
Radium G aaoII probably prove to be lead. 

The radio-lead of Hofmann and Strauss (Ber. 
1901, 34, 3033 ; Plofmann and Wolff, ihid. 1903, 
36, 1040) has been shoAAm to ow-c its activity to 
the _ presence of the tr<ansformation products 
radium J), E and F. The substance ^-jtolonium, 
described by Giesel (Ber. 1906, 39, 780) Ava.s 
shoAvn Later to be radium E (Giesel,' 1906, 
39, 1014). 

POLinSASITE. A sulphantimonite of silver 
(60-72 p.c.) and copper (3-15 p.o.) with the 
formula 8(Ag,Cu) ,S-(Sl).As),Sn (E. R. Van Horn, 
Amer. J. Sci, 1911, 32, 40). The antimony 
may be partly or Avholly replaced by arsenic, 
forming a passage to the isomorphous species 
pearceite: small amounts of zinc and iron arc 
also often present. Both minerals occur as 
iron-black, six-sided plates with monoclinio 
symmetry. They arc founfl in the silver- 
mining districts of Mexico, Colorado, Nevada, 
&o., sometimes in sufficient abundance to be of 
importance as ores of silver, L. .J. S. 

POLYCHREST SALT. An old name for 
normal potassium sulphate ; applied also some- 
times to Rochelle salt. 

POLYCHROMINE v. Pmmui.i.nk and its 
Dbkivatives. 

POLYGALIC ACID v. Senega. 

POLYGONIN V. GLUCO.SIDE.S. 

POLYGONUM CUSPIDATUM. P. cuspi- 
datum (Sieb. et Zuoc.), is common in India, 
China, and Japan, and is referred to by A. 
Henry in a paper entitled ‘ Chinese Names of 
Plants ’ (Journal Royal China Branch of Royal 
Asiatic Society, 22, New Scries, No. 5, 1887) as 
Kan-yen, Avu-tzu,’ the name at Patung for the 
root of the P. cuspidaium, Avhioh is said to be 
used for dyeing yclIoAV. 

According "to Perkin (Chem. Soc. Trans. 
1895, 67, 1084), the main constiiuent of this root 
is a glucoside polygonin C„iI-L„Oi„, forming 
orange-yelloAV needles, m.p. 202°-203°, Avhich, 
Avhen hydrolysed by acids, gives emodin and a 
sugar. 

Oi„ +H 2 O = Cl bFi„ 0 , C„T li ,,0 

A trace of a second glucoside is also present, 
from AA'hich the emodin monometh/lethcr, m.p. 
200°, previously found to exist in the root baric 
of the Yentilago madraspalana (Gaertn.) (Chem. 
Soc. Trans. 1894, 65, 932) Avas obtained. 

A. G. P. 

POLYHALITE. A triple sulphate, 
K2SOi*MgSOi*2CaS04,2Hj.O, 
occurring m ^sora^c abundance in salt depo.site. 

AVitn rock-salt, anhydrite, and gyp.sum ; and it 
is also found Avith these minerals in the salt 
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mines of Isclil, Ebensee. Aussee, Hallstatt, and 
Hallcm in Austria, Berchtcsgaclen in Bavaria, 
Vic in Lorraine, and Varangevillc near Nancy. 
The mineral occurs as nodiiles with a fibrous or 
platy structure and a brick-red colour, this 
colour being duo to the enclosure of iron hydr- 
oxide, On the artilicial production of poly- 
halitc, V. J. H. van’t lioil, Sitz. Akad. Wiss. 
Berlin, 1906, 412 {v. Potassium). 

L. J. S. 

POLYMERISED OILS v. Oils, Fixed, and 
Fats. 

POMEGRANATE, Punica granatum (Linn.). 
The fruit is edible. It consists of a hard and 
thick rind. Idled withe ■ ’ ' ' ' mcrous 

seeds. Konig gives, ; of the 

pulp — 

Other Fibre 

Invert Cane N-free and 

Water Protein sugar sugar ext. Acid seed Ash 
79-3 1-2 11-0 0-7 3-8 0-8 2-8 0-6 

Analyses of the juice of pomegranates by 
Borntriiger and Paris (Bicd. Zentr. 1899, 28, 
198) show that in ripe fruit, the juice contains 
from 0-37 to 0-51 grm. of acid and from 10'5 to 
13'G9 grms. of reducinji sugar per 100 c.o. ; in 
unripe fruit the free acid amounted to from 3-0 
to 3-4 grins., the reducing sugar to from 7-8 to 
11-3 grins. The must easily ferments and yields 
a wine with the flavour of raspberries, con- 
taining from 4-4 to 7-0 grms. of alcohol per 
100 c.c. 

The bark of the stern and roots is used in 
medicine as an astringent and anthelmintic. 
The root bark is the richer in the active jirinci- 
ples — the alkaloids — ifio'pelkticrine, 
pseudo-peUelierine and mdhyl-pcllctiervm. The 
first two, constituting usually from 40 to 50 p.c. 
of the total alkaloids present, are of value aa 
vermifuges ; the last two have little or no 
elfoct. 

The total amount of alkaloids in the bark of 
the roots grown in the south of Franco is about 
0-0-0-7 p.c., while in the bark of the branches 
about 0-5 ii.c. is xiresent (Ewers, Arch. Pharm. 
1899, 237, 49). In the products fro in Java, the 
figures were higher (Beckurf.s, ibid. 1900, 288, 
8). The alkaioid.s were fmst obtained by 
Tanret (Compt. rend, 1878, 86, 1270) who found 
pelletierino UsHuNO to be a colourless lirpiid, 
boiling (with decomp.) at 195°, with a sp.gr. of 
0d)88, soluble in 20 times its vol. of water; its 
salts are tovorotatory. 

fso-Pclletierino is also a liquid of similar 
composition but is optically inactive ; paawlo- 
pelletierino CoIIib'NO is a crystalline solid, 
nutthyl-pelletierine C'uHivNO is a liquid boiling 
at 215°. soluble in 25 parts of water and yielding 
salts which are very deliquescent. 

Tile alkaloids of pomegranate bark iiave 
been studied by Giamieian and tSilbiT (Ber. 
J8!)2, 25, IGOl ; ibid. 26, 15G ; 26, 2738; 1894, 
27, 2850) ; Picoini (Gazz. chim. ital. 1899, i. 
408; ii. 311), and Willstatter and Veraguth 
(Bor. 1905, 38, 1984). The rind of tho^iruit 
contains a yellow colouring 
ellagic acid (A. Cl. Perkin, 

1897, 71, 1137). H. L 

POMEGRANATE RIND v. Tannin-s. 

PONCEAU V. Azo- colouiund mattek-s. 

PONCEAU CRYSTAL v. Azo- coLOuniNO 

MATTEKS. 


POPLAR BUDS. Chryain Cj 5 Hio 04 is con- 
tained in the leaf buds of the poplar [Fo'pidna 
pyramidalis (Salisb.), P. nigra (Linn.), P. 
monilifera (Ait.)), in which it is xiresent to 
the extent of about ji.c. It was first isolated 
by Piccard (Ber. 6,884, 1160; 7, 888; 10, 176) 
and is best prepared by the method devisecl 
by this chemist. 

An alcoholic extract of 1000 grams of poplar 
buds is treated while hot with about 120 grams 
of lead acetate, and after standing for some 
time the yellow preciiiitato is remo ved. Through 
the clear filtrate sulphuretted hyilrogen is 
passed in order to decomiiose lead salts, the 
sulphide of load is filtered oil and the liquid 
evaporated to dryness. The residue dissolved 
in a little hot alcohol gradually deposits crystals 
of chrysin, wiiioh are collected, successively 
extracted with carbon (lisul]ihide, benzene, and 
boiling water, and finally crystallised two or 
three times from alcohol. 

Pure chrysin crystallises in colourless leaflets, 
m.p. 275°, and dissolves in alkaline solutions 
with an intense yellow colouration. When 
acetylated, diacetylchrysin Gi(;Hp, 04 (GaI-l gOla, 
colourless needles, m.p. 185°, is produced, but 
by the ac " " ■ " . ’ iodide in the u.sual 

manner a ' Gig'HdOa-OGHa, m.p. 

163°, only can bo prepared. The latter yields 
acetylchryainmonomethylether 

0iBH„O;,(OOH3)Ci.Hs0, 

colourless needles, m.j). 149°, and with alcoholic 
soda gives a bright yedlow sodium salt which is 
decomposed bv washing with wafer {v. Kosta- 
nccki, Ber. 1893, 26, 2901). 

When digested with boiling concentrated 
potassium hydroxide .solufaon, ohry.sin gives 
phloraflminoi, benzoic acid, acetic acid and 
acetophenone (Piccard, l.c.), the last-named in 
very small quantity and the roaotiou can bo 
cxpres.sed as follows : 

= G„lla03 -I- CflHcCOOH-l- CI-I.,-C00II 

An inveHtigaf.jon by Kostanecki {l.c.) indi- 
cates that chrysin is a dihydroxyflavonc and 
po.ssesHes the constitution 

I I I • 

OH 

The first hypothetical jiroduct of the hydro- 
lysis of chrysin liy means of alkali (comjiare ila- 
vone) is 2 ; 4 : 6 - triliydroxybonzoylacetoxdiemmo 

oh/'"— OH 00-0„Mr, 

i Li-co-:— chJ 

I ; “ ; 

0 H • 

which subsoijuently yields phloroglucinol and 
aceloplienone and carbon dioxide 

OH,/ "jOH .pcJO.,-t-GH,,-CO*G„Mr, 

OH 

Phloroglucinol. AcctoplKuionc. 

i On the other hand, phloroar.elopheu^ne ( which 
I is unstable in the iiresence of alkali aiid^^ thero-^ 
I by converted into phloroglucinol ami acsetic 
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acid) and benzoic acid may also bo pro- 
duced. 

Oil/ [OH: , p „ pppp. 

1 ^'- 00-0113 +C’«^^r,-C00H 

UH 

PMoracctophenone. Benzoic acid. 

Clirysin has been synthesised by Emilewiez, 
V. Kostaneeki and Tambor (Bor. 32, 2448) in 
the following manner. 


( 1 ) 


OGH3//OCH3 

' Uco 

\/ 

OOH, 


-CI-L 


OOIIg/VcHs Co/ / 

( 2 ) - I 


-00-(JH„ 


OOHo 


(3) j ^ \.../ 

OH 

The latter, when digested with strong boiling 
hydriodio acid, is domethylated and ring forma- 
tion occurs with the production of chrysin (3). 

The following derivatives of chrysin have 
been prepared. 

Dihmmlmjsin OxjHgBrjjO,, (Piccard, Ber. 
1873, (5, 880) ; Di-iodochrydn (JigHsTaO^, yellow 
needles (Piccard); " ’ • " --t '\r\ ' 

rod leaflets, m.p. 2.'. ,! . ' ■ , i sr. 

1894, 27, 21) ; Ohrysinmonoethylether 

thin noodles (m.p. 146°) (Piccard), Ohryshiiso- 
umylelhir Oi 5 H(,() 3 (OC 5 Hn), thin needles, m.T). 
125° (Piccard); jjibromchryd'imoamyletJicr 

needles, and dinitro-diacetylchrydii 
Ci5H60,(N03)o(aoH30)3 

yellow needles, m.p. 229° (Daricr, lx.). 

’ ■ ■■ (Perkin, Ohem 
Tra . ■ 

CoHsN, 


Soo. 


oh/\ 


0 




C„H, 


OH 


orange -red needles, m.p. 251°-252°, in.soluhlo in 
alkaline solutions, is unaltered by prolonged 
digestion with aeetic anhydride. 

(Jhr 3 'sin is a feeble dyestuff. The shades 
produced on wool mordanted with aluminium, 
chromium and iron, arc respectively pale bright 
yellow, pale yellow-orange, and chocolate browm. 

Teclochrysin, a second eonsiituont of poplar 
buds, is present in the benzene extracts from tho 
crude chrysin. Tectochrysln is chrysin raono- 
methylether (0i5H„0,s-0CH3) (Piccard), and is 
identical with the methylation product of 
chrysin itfclf. A. 6. P. 

^ POPBy SEED OIL. Poppy seed oil is oh- 
tained from the seeds of the two varieties of 


popp 3 % Fapaver sotnniferum (JAnn.), viz. P. albmu 
and P. nigrum (DO.), by pressing. Tlie pliant 
is grown extensively in Asia Minor, Persia., 
India, Egypt, South Russia, and the North of 
Prance. The seeds yield from 45-50 i).c. of oil. 
Tho seed produced in Manchuria is grown 
together with other wild seeds yielding about 
10 jD.c. of a non-drying oil ; hence the Man- 
churian oil is of verj^ low quality as regards 
drying powers. 

In France a distinction is made between 
huile d'ceilleite and Male de pavot. The former is 
obtained from indigenous, or at any rate 
European, poppy seed, Avhilsb the name huile de 
pavot is given to the oil obtained from oversea 
seed. Since by far the greatest part of ex- 
pressed oils, both of Eurox)ean as also of oversea 
origin, is used as a table oil, all edible poppy- 
seed oils are termed huile d\jeillcUe. 

The ‘ cold drawn ’ oil, tho oil of the first 
expression, is almost colourless or very pale 
golden yellow; this is the ‘white poppy seed 
oil’ of commerce. The second quality, ex- 
pressed at a higher temperature, is much 
inferior, and constitutes the ‘red poppy seed 
oil’ of commerce. 

‘ Sweet ’ (lino) table oils prepared by cold 
expression in Marseilles and in the north of 
Franco (in Lille, Arras, Douay, Cambrai). Tho 
cold-pressed oil is filtered before being placed 
on tho market. In some of these establishments 
paper filters are said to bo used even at present. 

Poppy seed oil has little or no odour and a 
pleasant taste, so that it is lai'gely used an salad 
oil, especially as it does not easily turn rancirl. 
The oil of unsound quality, however, possesses 
an acrid taste. 

The cakes resulting as a by-product are rich 
in nitrogen and are led t(j cattle ; otdy when 
tho cakes have become mouldy are tliey em- 
ployed as a manure for early fruit. 

For the chemical and physical charao- 
toristics, see tables under Oils, Fixion, ano THts. 

Poppy seed oil is, as a rule, contaminated 
with small quantities of sesanA oil, owing to 
the seed being usually expressed in the same, 
works in which sesaind oil is produced. Edible 
poppy seed oil is at ])resent frequently adulte- 
rated with sesame oil and also with hazelnut oil 
to improve the taste of the edible oil olitainerl 
from stored seeds. 

The differentiation of poppy seed oil from 
walnut oil is of importance in the examination 
of white paints. The readiest inean.s for this 
purpose is furnished by the bromide test (s(‘(; 
Oils, Fixed, and Fats). Walnut oil yields from 
1*4 to 1*9 p.e. of ether-insolulile broininated gly- 
cerides, whereas poppy seed oil yields none. 

J. L. 

POPULIN (Benzoyl .salicin) 
is a glucoside contained in the bark and leaves 
of tho Poplar, Populw trenmla (Linn. ), from which 
it is extracted by boiling the leaves with water. 
The extract is precipitated with lead acetate 
and the filtrate is treated with sulphuretted 
hydrogen, after which it is decolourised with 
charcoal, evaporated and recrj'stalli.sed (Piccard, 
Ber. 1873, 6, 890; Hallwachs, Annalen, 1857, 
101, 372; Piria, ihid. 1855, 90. 370). It can 
be readily obtained also by the following 
process. 

A solution of 20 grams of salicin in a litre of 
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water is rendered alkaline with potassiiun 
hyclro;yidc and 10 grains benzoyl chloride are 
added very slowly with constant stirring, more 
alkali being added from time to time so as to 
avoid the formation of much free acid. The 
populin separates as a bulky white precipitate, 
which is dried, powdered, and extracted with 
ether. The insoluble residue is recrystallised 
from boiling water and subsequently from hot 
alcohol (Dobbin and White, Pharm. d. 1904-, 73. 
233). 

It forms colourless prismatic needles which 
lose their water of crystallisation at 100°, and 
melt at 180°. It has a sweetish somewhat acid 
taste, is hevorotatory (Biot and Pasteur, J. 
1852, 179), is sparingly soluble in ether and in 
cold water but readily’- so in hot water and in 
alcohol. 

When boiled with lime or ])aryta water it is 
decomposed into salicin and l)enzoio acid. With 
nitric acid it yields benzoheltcm OaoHonOfi, and 
in strong .sulphuric acid it di.ssolves with a red 
colour. When boiled with dilute acids it yields 
salirelin, benzoic acid and glycose (Lippmanu, 
Ber. 1879, 12, 1049). V. Gluoosidb.s. 

PORCELAIN V. Po-msRY. 

PORCELAIN CLAY v. Olay. 

PORCELAIN STONE v. Clay. 

PORPEZITE. A native alloy of gold and 
palladium. 

PORPHYRY. A term loo.sely appli(id to any 
rock in wliioli distinct crystals are omi)uddod iti 
a line-grained ground-ma.sM. The structure is 
well seen in many igneou.s rooks, whore crystals 
have consolidated from a molten magma bcOore 
the eru])tlon of the mass. 'The typical p(jrphyry 
of the ancients, lapi^ puriyureua, eontain.s crys- 
tals of white or pink felspar in a p?a 7 dfi, crimson, 
or chocolate-coloured base, whence the original 
name Tropcjwpovs or mipfpvplrrjs KiOos. It was (!x- 
tensively quarried fjy the Romans at flebcd 
Dokhan (‘Mountain of Kmoke ’), in (jastorn 
" '. ' ' described by Latin writers as 

: Init although regarded a.s the 
most sum])tuous of decorative stones, atid largely 
used by Roman architects and .sculptors for 
pillars, pavenumts, bu.sts, and sarctjphagi, it 
appeals to have been unworked by the ancient 
Egyihians. 

'riie crystals in the aircient real ])orphyry 
wore analysed by Delesse, who found them to be 
a lime-soda ]>lagiocla.so (Bui. Soc. Cool. France, 
2 .s6r. 7, 484). The crypto-cry.stalline ground- 
mass contains much felspar altcired to a rciddish 
manganiferous epidche (withamite). The red 
colour of th(! roede is mainly due; to the large 
quantity of finely divided haematite (J. (Jouyat, 
(Jompt. rend. 1908, 147, 988). Beautiful 

cry.stals of hornblende occur in the ancient red 
p(jri)hyry, and the rock may be d(!scribed as a 
hornblandi'.-pnrplu/riln. The history of the rook 
has b(!(iu fidly workful out by 0. Hehncider (Ueber 
den rotem Porphyr der Alton, Dresden, 1887). 
The Egyptian quarries have been visitofl and 
described by Williamson and other travellers 
[v. W. Brindley, Trans. R. Inst. Brit. Architects, 
1888), Red porphyry, .somewhat similar to the 
Egyptian, but ktss beautiful, occurs in tin; 
iSinaitie penitisula, at Elfdalen in Sweden, and In 
Siberia. 'The porjido roftxo mitiro of Flgyih. is to 
be clearly di.stinguisluid from ro.s'w (mtino. or the 
ancient red marble of Laconia. 


The green jjorphyry of the aneient.s {porjido 
vordc (iiiiico), known to Italian antiquarie.s as 
sp.rpanti'tio, Avas workcsl at Mount Taygef.us in 
the Morea, and termed lapis Laced ca'tnonius. It 
contains white, or pale-green, cry.stals of xdagio- 
clase, embedded in a ground-mass filled with 
viridite, or chloritic products of the alteration 
of ferro-magnesian silicates, A similar, but less 
handsome, atone is the , ■ ’ ■" 

Lambay Lslatid, near Dub^ ; , . ■ ■ ■ 

of (Jumberland also yields a similar rock. 

'J’hc! ([uarU-porphyrics, belonging to the acid 
grou]) of igneous rocks, and known in Cornwall 
as clvans, contain well-developed crystals of 
(juartz, and often also of felspar, embeddetl in a 
felsitic ground-mass, consisting of a minutedy 
crystalline aggregate of felspar and quartz. The 
elvans are sometimes worked as ornamental 
stones. Many granite rocks are beautifully por- 
j)hyritic, and some of the Cornish granites owe 
their character to the presence of bold crystals 
of orthoclaso. Fine crystals o f pink and salmon - 
coloured orthoclase form the characteristic fea- 
ture of the well-known porphyritio granite of 
Shap in We.straureland, and of the handsome 
luxullianitc of (Jornwall. F. W. R. 

PORPOISE OIL. Porpoise oil i.s obtained 
from the brown por])oiHe, Delphinm phomna 
(Linn. ). The oil from the blubber i.s kept separate 
from that prepared from the cavities in the head 
and from the jaw, exactly as in the case of 
dolphin oil {sec Oils, Fixbjd, and Fats tables). 
Hence wo diflcrentiate between body oil and 
jrm oil. 

Both oils are characterised 1)y the high 
pro])ortion of volatile fatty acids they yield on 
.Hapouilioation. The jaw oil contain,s much 
highcir ])r()portions of volatile acids than does 
th(< body oil. The oil is used, like dolphin oil, 
for lubri(!ating delicate machiiuiry, esjjecially 
typii-writing machiiuis. .J. L. 

PORTLAND CEMENT v. Cismlnt.s. 

PORTUGALLO OIL. Essential oil of orange 
peel {v. Oils, ks.sbntial). 

POTASSIUM. Symbol K. At.w. 39-1. 

OccAirrcnca. Potassium occurs, principally as 
chLorido and Huli)hate, in sea- water and other 
natural waters, a litre of the former containing 
from 0-5 to 0-7 gram f)f the element. As chloride 
or carbonate, or as an (u'ganic salt, it occurs 
in soils and vegiitable and animal substances. 
Thus, wood ashes e.ontain much potn.ssium car- 
bonate, whicli also forms a considerable propor- 
tion of the ash of marine plants, such as lami- 
naria and f'Hci. P(jtasHium occurs as sylvinc or 
sylvilc KOI, and as carnallUa KChMg01a,()llj,(.), 
especially in the beds overlaying the great salt 
deiio.sits of Stas.sfurt. As nitrate, it is found 
as an efliorescence on the soil, usually together 
with the. sodium salt, in Peru, Ohihs, &(!., ami as 
. J many mineral waters, 

'. ■ ,;atc and Vichy. As 
the double ,sulj)hate of aluminium and po- 
tassium, it (Ksjurs in alu'inslone or aluidle 
3AlijS0„-K.j.H0,„(>ll20, princi])ally in trachyte 
and other rocks subjeuited to tlu; iiction (jf sul- 
I)hurous gas<;.s. It is found as bitartrate in wines, 
and as sulphate, carbonate, and (diloride in 
beetroot molasses. As an orgqmic .^alt (sudo- 
rate), it occurs in the ‘ suint ’ of sluicj), and is 
separated therefrom a-s ciirljonate togt'Tfher with 
wool fat (Langbeck, J. Soc. Chem. Ind. 1890, 356), 
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The main source of potassium, however, is 
the primitive rocks, in wlrich it occurs as ortho- 
clase (potash felspar) AlaOs-KaO-oyiOa ; mmco- 
vite (potash mica) KoU'iiAiaOs'dSiUo, Icucite 
K20*.M203‘4Si02 ; apo'phylliie 

4(Ca0-2Si02-H20)KF, 

and other zeolites, and in many other silicates. 

The sources from which potassium salts are 
obtained for technical purposes are — firstly, the 
sea-water ; secondly, the mineral crust of the 
earth ; thirdly, the vegetable, and to some ex- 
tent the animal, Idngdom. 

The quantity of potassium salts contained 
in sea-water is not very large, but it has been 
found economically possible to extract it there- 
from, as we shall see in the case of potassium 
chloride. Indirectly, the potassium salts ob- 
tained in the working up of kelp are derived 
from this source. 


The mineral crust of the earth contains about 
2-4 p.c. K2O in the state of silicates, as a con- 
stituent of several of the most important minerals 
as felspar and mica ; hence both older and 
younger rocks (granite, mica, slate, basalt, &c.) 
are sources of potash. By the decay of the 
rocks containing these minerals, potassium com- 
pounds have been spread all over the earth as 
part of the arable soil ; from this source are 
derived, not only the potassium compounds con- 
tained in all plants, but probably most of those 
contained in sea-water. The importance of this 
occurrence of potash is enormous for the exist- 
ence of all organisms ; but it has not been 
possible so far to extract potassium compounds 
for technical purposes from the natural silicates 
or the arable soil in an economical way. 

Several other salts of potassium are, how- 
ever, more adapted for this purpose. Potassium 
nitrate, as found in the crude state, especially in 
India, is certainly more valuable in respect of 
its acid than of its alkaline constituent ; but the 
latter is also very -'''y - r best proved by 

the large quant; . . ; ■ chloride em- 
ployed for the ■ ■ . ■ , . artificial salt- 

petre. 

Potassium sulphate occurs in largo quantities 
in alum rock, and in several of the minerals 
found together with carnallito in the Stassfurt 
deposits. 


Potassium chloride is found both in the pure 
state, as sylvine, and in much larger quantities 
as carnallito, in the Stassfurt deposits and some 
other places. This is at present the most im- 
portant of all the sources from which potassium 
salts are obtaiuod for technical purposes. 

In the vegetable hingd- 
versally found, principallj 
of the cells and vessels, 
organic a^' "''. O- ' 

as carbon 

chloride, ■ ■ ■ . _ 

sary to say inau au rujs porassium is derived from 
the sofi. on wMch the idants grow ; but for many 
centuries, indeed, apart from saltpetre and kelp, 
nearly up to the middle of tins century, wood 
ashes formed practically the only source of po- 
tassium compounds employed for technical 
purposes. (Another important source of potas- 
sium salts is^ the ashes of seaweeds, called help 
iir Scotland and varec in Normandy, which 
from times immemorial have been obtained by 


1----- 3 mil. 

n tents 
■ ■ .| with 
ears in the ashes 
or loss sulphate. 
It is unncces- 


j employing the seaweed as fuel; since 1811, 
Avlicn iodine was dicovered in these ashej^^ and 
a special industry had been founded thereon, 
those potassium salts have also been utilised. 
Somewhat later another vegetable source was 
opened out for potassium compounds — viz. 
the vinasse — that is, the residue left on distilling 
fermented beet-root molasse.s. Tlenco the ex- 
pression ‘ vegetable alkali,’ by r ' ’ ; 

distinguished from soda, when ! '■. ' , , 

had proved the separate existence of those 
bodies, was altogether appropriate, not only a1. 
this time, but even much later, until the Stass- 
furt discoveries made that designation altogether 
unsuitable. 

Even the animal kingdom contributes a 
certain quantity of potassium compound. s, in 
the shape of the carbonate of potash from the 
‘ yolk ’ of sheep’s ivool (suint). 

Interesting communication.s on the history of 
potashes are made by E. 0. von Lippniann in 
Chom. Zeit. 1908, 977. 

Metallic potassium. The compound nature 
of the alkalis, and the presence in them of oxy- 
gen, had been su.spected pu’evioua to 1807 (v. 
Lavoisier, Trade do (Jhiraie, II. 194), but the 
isolation of potassium was not effected until that 
year, when Davy obtained it by electrolysis c>f 
the fused hydroxide (Plfil. Trans. 1808, 1 ; 1809, 
39; and 1810, 10). The metal was soon pre- 
pared in larger quantity by Gay-Lussac and 
Thonard (Ann. Chim. Phys. 1808, 05, 325, and 
1808, 00, 205) by slowly passing the hydroxide 
over iron filings heated to whiteneH.s in a gun- 
barrel protected by a luting of clay, their procc.ss 
being modified by Berzelius (GiIbort’.s Annalen, 
0, (N. E.) 198), Mantell (Annals of Philosophy, 
Thompson and Phillips, 22, 232), Gmelin 
(Hanclb. 3, 5), and Tennant (Annalen, 93, 291). 

An important improvement was next intro- 
duced by Ouraudau (Ann. Chim. Phys. 1808, 00, 
97, and Plfil. Mag. 1810, 30, 283), who replaced 
the iron by carbon or carbonaceous matter. This, 
and the otho?- pr.'.’':c-/i.:- in i.sc, .■ ere examined Iry 
Brunner ( iii^::o^■. ' I j;iv. t de Geneve, 
1823, 22, 30, and Schweigger’s J. fiir Chem. umi 
Phys. 35, 517), who also improved upon tlm 
apparatus • , ’ ’ ''ucholz (Ann. Chim. 

Phys. 73, . ■■ . ! ■ ■ (Gilbert’s Annalen, 

30, 333), Lampadius (Sehweiggcir’s J. fiir Chem. 
und Phys. 34, 221), and others. 

Brunner’s process as improved by Wolilc!- 
(Pogg. Ann. 182S, 4, 23, and 474), consists in 
carboni,sing potassium bitartrate in a covered 
,1. .. . "carbon 

f . d char- 
coal in a mercury bottle, at the temperature of 
a powerful wind furnace. Knkla (Zeitsch. fiir 
Phy.s. und verwandtc Wi,s.senschaften, 1837, 5, 
400), Werner (J. pr. Chom. 14, 207), Schcedler 
(Annalen, 20, 2), and Gale (Amer. J. Sci. 19, 
205, and 21, 00), propo,sed variou.s arrangement;-! 
and lutes for protecting the retort from tlie 
furmuie, the two finst, and Pleisclil (Zeitsch. fiir 
Phys. und verwandte Wissenschaften, 2, 307 
and 343, S, 326) also proposing modifications 
m the mixture used. 

The method of condensing was next im- 
proved l)y Donny and Mareska (Ann. Chim. 
Phys. [iii.'J 35, 147, v. also Mitscherlich, Lcbrb. 
dor Chem. 2, 10) ; wlfile the addition of chalk to 
the mixture was found to facilitate the reduction 
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by rendering the mass pasty instead of liquid at 
the reduction temperature, thus preventing the 
separaliion of the carlion trom the alkali {v. 
Deville, Do 1’ Aluminium (Paris, 1859), 650; and 
Kiihnemann, d. 1864, 180). 

Por the preparation of potassium in a state 
of greater purity, Matthie,ssen (Chem. Soc. Trans. 
1855, 8, 27) proposed the electrolysis of the 
easily fusible mixture of potassium and calcium 
clilorides. 

The use of sodium instead of potassium for 
the manufacture of aluminium was introduced 
in 1854 by Devillo (Ann. Chim. Phys. 1856, 46, 
415), who also made improvements in the manu- 
facture of the metal. Since then, sodium has 
almost entirely replaced potassium for use in 
the. arts. The inconvenience and waste attend- 
ing the manufacture of potassium, owing to 
the production of explosive compounds with 
carbon monoxide {v. Liebig, Annalen, 11, 182, 
and Brodie, Chem. Soc. Trans. 12, 269), accounted 
to some extent for its former liigh price. By 
Castner’s electrolytic process potassium can be 
produced at a price not greatly exceeding 
that of sodium. 

The various processes employed in the pre- 
paration of potassium are identical with those 
used in sodium mamtfacturo, and are described, 
together with a list of patents and other matters 
relating equally to both metals, in the article 
Sodium. 

Potassium obtaine 1 ’ , " ■ in which 

carbon monoxide is a ■ ' evolved 

gases, always contains the explosive compound 
above mentioned, which renders it liable to 
detonate on the slightest friction. Por this 
reason, it must be redistilled, once or twice, 
when so prepared. 

Profiertiea. — ^Potassium, when freslily cut, 
has a brilliant, silvery metallic lustre. It 
crystallises in obtuse octahodra, showing a 
greenish-blue tint (Long, Chem. Soc. Trans, 
1860, 13, 124). 

xiccording to Baumhauer (Ber. 6, 655), its 
sp.gr. at 13° is 0-875. At 0°, potassium is brittle, 
and possesses a crystalline fracture. At 15°, it 
acquires a waxy consistency and a few degrees 
higher becomes pasty, melting at 62-5° (Bunsen, 
J. 16, 178) and boiling at 7]9°-731° according 
to Carnelley and Garloton Williams (Chem. Soc. 
Trans, ] 879, 565), or at 667° according to Perman 
(Chem. Soc. Trans. 1889, 328). The vapour has 
a green colour, and attacks glass and porcelain. 
Its characteristic channelled absorption spectrum 
has been examined by Rosooe and Schuster 
(Proc. Roy. Soc. 22, 362). 

The lowering of the melting-point of potas- 
sium by the presence of sodium, gold, and thal- 
lium has been determined by Heycock and 
Neville (Chem. Soc, Trans. 1889, 666). 

Potassium dissolves in liquefied anhydrous 
aramoniii forming a deep-blue solution, from 
which the metal is re-obtained on evaporation 
of the ammonia (Seeley, Chem. News. 23, 109). 

It is the most electro-positive element known 
with the exceptions of cacsiura and rubidium, 
and is an extremely powerful reducing agent. 
Hence the use of potassium for the preparation 
of less eleotro-po.sitivo elements, such as boron, 
silicon, magnesium, aluminium, &c., for the 
reduction of gases containing oxygen out of 
organic and other compounds. 

'VOD. IV.— T. 


On exposure to the air, it rapidly becomes 
converted into the hydroxide and finally into the 
carbonate. It decomposes water with sufficient 
energy to ignite the liberated hydrogen. Carbon 
dioxide passed over heated potassium is 
reduced to carbon, with formation of potassium 
oxide. 

Potassium unites directly with the halogens 
and with sulphur, selenium, tellurium, and 
phosphorus, burning brilliantly when heated 
with them. When heated in carbon monoxide 
it forms a black mass identical with the ex- 
plosive body produced in the manufacture of 
potassium. 

Alloys. Potassium forms alloys with most 
metals, usually by being heated with them. The 
more important alloys are described under the 
various metals. With sodium, potassium forms 
idb-y.- cl’hi'.v '■ -r -bgerved by Davy. 

!:i(; Wiiii ■ / ■" . N ' . 3. 21) obtained 

an alloy melting below the ordinary temperature 
and containing about one-fourth its weight of 
potassium by heating sodium with potassium 
hydroxide to about 171° ; whilst Wanklyn 
(Chem. News. 3, 66) has obtained a similar alloy 
by heating sodium with potassium acetate. 

Potassium combines directly with mercury, 
with evolution of heat. The melting-points of 
a number of these amalgams have been deter- 
mined by Morz and Weith (Ber. 14, 1445). When 
containing 70-9i) parts of mercury to 1 part of 
potassium, the amalgam ie crystalline. With 
30 parts of mercury, it is hard and brittle. 
When heated to 440°, they aU leave a crystalline 
composition .HgKg, spontane- 

; : ! • , '■■on exposure to air (Do Souza, 

■■ ■. ■-.'■■■ . .t all the mercury is evolved 

below a red heat. Kraut and Popp (Annalen, 
159, 188) have prepared a crystalline amalgam 
of the composition Hga^K.^, 

Potasohim oxide. TC 0, is made by the Badischo 
Anil:- ■ - : (D. R. P. 143216) by heat- 

ing potassium nitrate with metallic pot.<iasium, 
air being excluded : KNO3 -k 5K — 3K2O -f N. 
Por the same purpose the nitrite KNOg may 
be employed, and in the same manner mixtures 
of KgO and NagO may be obtained. 

Potassium peroxide, K0O4, is industrially 
prepared by .Taubort (D. R. P. 189822) by 
heating, with special precautions, an alloy of 
potassium with lead, tin, or sodium, at a 
moderate tonq)erature in a current of air. 

Potassium hydroxide v. infra. 

Potassium chloride. This salt, which in 
commerce is generally known as ‘ muriate of 
potash, was formerly obtained as a by-product 
in various manufactures, such as the working up 
of kelp for iodine, from the spent lye of soap- 
makers, in refining native saltpetre, &c. The ’ 
quantities thus obtained were not very large, if 
compared with the ])reaent state, and they were 
principally used in the manufacture of alum 
and of potassium chlorate. Borne more; potas- 
sium chloride was afterwards obtained inBalard’s 
process of working-up the mother-liquors from 
the manufacture of sea-salt, and a good deal 
more in the manufacture of potashes from 
vina.sHe (rf. Potassium rarhonaie, infra). 

But ail this sinks into insignifieauce heside 
the enormous quantitii^s obtained nrom the 
Ptassfuri mrnalliie, and wo sluill wfterel^)rii berc^ 
describe the Sta;ssfip;t occurrence of potassiuni 
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salts, as well as the methods of manufacture 
pursued here.^ 

The village of Stassfurt is situated on the 
river Bode, not far from Magdeburg, in Prussian 
Saxony, close to the borders of the small princi- 
pality of Anhalt. In 1850 Stassfurt numbered 
2000 inhabitants ; in 1885, owing to the develop- 
ment of the carnallito industry, 16,000, and the 
adjoining newly-formed village of Leopoldshall 
(in Anhalt), 4000 inhabitants. The Stassfurt 
brine-springs are mentioned as far back as 1227, 
and in the last century 7,000 tons of salt per 
annum were made there\in 30 salt-pans ;'|but 
about 1815 the production of salt from brine was 
stopped there, having ceased to be remunerative 


in the face of competing brine-springs. In 1839 
the Prussian mining office commenced boring 
for rock-salt, and in 1843 the salt was struck at 
a depth of 850 feet. The boring was continued 
for another 1080 feet without getting to the 
bottom of the stratum of salt ; but the brine 
pumped up was extremely impure, containing, 
together with sodium chloride, a large quantity 
of magnesium chloride, potassium chloride, and 
magnesium sulphate. It was, however, con- 
jectured at once that those salts might be 
deposited in separate strata, and it was resolved 
to sink two shafts. These were commenced in 
1852, and within five years they had reached a 
thick stratum of pure rock-salt, after having 


^'ha/e 



penetrated a number of strata of other salts, of 
an aggregate thickness of 530 feet, which were 
called ‘ abraumsalze,’ because they were at first 
considered useless, and had to be taken away 
before getting to the rock salt. 

Later on it was found that the salt deposits 
occupy an enormous basin in the North German 
Plain, which has been successfully tapped in 
several other places, of which we mention only 
Sperenberg, near Berlin, where the boring was 
continued through the enormous thickness of 
3940 feet of salt without getting to the bottom ; 
also at Segeberg, near Liibeck, and in other 
places. But polasshm salts in great quantity 

’ T ‘ ' toagreafc extent the detailed 

. n his Handbuch der Kali- 
. B87 (c/. also, for some details, 
. . 1883, 146 ; and Borsche, J. 

Kubieruliky. Die Deutsche 

Kalilndustrie (1908); Kr - iV-j ( 

Kalis (1009) ;Ehrhardt, (lie !•; . : rs ,:.i 7;.: I'.;, 

die norddeitische Kallindustrio (1907)). A very im- 
portant series of researclios on tlie formation of the 
gtassfurtffieposits has been made by van ’t Hoff and 
nis coadjutors, in 1897 and later on. 


until quite recently had been found only in one 
locality, in the vicinity of Stassfurt, where the 
‘ Abraumsalze ’ occur in the Upper Now Bed 
Sandstone. According to Chem. Zeit., Ang. 22, 
1911, large deposits of sylvino have been 
discovered in Upper Alsace, in an area of 
about 200 square kilos., near Miilhausen. Two 
strata have been found, the uppeu’ one 3 feci 
thick, the lower one more than 16 feet thick 
estimated to contain some 1600 tons, but the 
borings ■will have to be deep, say 1600 to 2100 
feet, which entails a very high temperature. 
This field, unlike the North Gorman deposits, 
seems to be continuous, without faults. Geo- 
logically it is much more yecont than the Stass- 
furt beds. But the recovery of potassium salts 
from the Alsatian field has not yot become a 
commercial fact, and we therefore confine our 
description to the Stassfurt deposit — 

In 1856 and 1857, the t’^vo Prussian shafts at 
Stassfurt; in 1861, the Anhalt shaft at Leopolds- 
hall ; in 1876, t'wo shafts at r- .r 

Wes'fceregein ; in 1876, a shaft ;■ \ : ' ■ ; 

in 1878-1883, another two shafts at Stassfurt: 
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in 1883, a shaft at Aschersleben, sunk by the 

Cont^iental Diamon-I p- Prr 

some more shafts at '■ . ' ■ ■ 

burg, at Schonebeck, : ■ ■ i ' ' 

Vienenburg. 

The profiles (Pigs. 1 and 2) give an idea of the 
strata pierced in the two oldest and most impor- 
tant shafts at Stassfurt and Leopoldshall. 

At Stassfurt itself the total thickness of the 
salt strata is estimated at about 2500 feet, and 
the time necessary for their formation at about 
8000 years. F. Bisehof, who has examined 


them most thoroughly, divides them into the 
four following ‘ regions,’ of which only the first 
and the last have become of technical im- 
portance. 

1. Anhydrite or rock-salt region, so called 
from the strings of anhydrous calcium sulphate 
which divide the rock-salt into bands of an aver- 
age thiclmess of nearly 4 inches, each of which 
is supposed to bo a year’s growth. The laycns 
of calcium sulphate are only J inch thick, and 
amount only to 4 p.c. by weight of the rock-salt 
in the upper strata, |[or 9 p.c. in the lower strata. 



By mechanically separating the anhydrite, rook- 
•salt of 99 p.c. iSfaCl can bo obtained on a largo 
scale. Small quantities of hydrohoracite 
(CaMgBeO„,6H,0) 

and of a strontium suliphatc are found hero as 
well. The thiclmess of this stratum varies a 
great deal : in the centre of the basin it may be 
estimated at about 2000 feet. 

2. Polyhalita region. Here the rock-salt is 

already mixed with '1 . ■ of which 

the dominant one is , 

2 aaS 04 ,MgS 0 i,K.,S 04 . 2 H 20 . 
Magnesium chloride accompanies the rock-salt, 
and small quantities of sulphur and of bitu- 
minous substances arc found here. The average, 
composition of this stratum is: 91 rock-salt, 
0|- polyhalite, anhydrite, ll magnesium chlor- 
ide ; its thickness is 207 feet. 

3. Kieserite region, so called from the occur- 


rence of white bands of kicBorite MgSO^.HjO, 
The average mixture is : 

65 p.c. rock-salt 
17 „ kioHoi’ito 
13 „ oarnallite 
3 „ bisohoflte, MgCl^,fiH.^O 
2 ,, anhydrite. 

Thi.s stratum has a thickness of 187 fi'-et. 

4. Garnallite region. This contains 56 ]).e. 
of carnallite K(Jl,MgCla,f)HaO, the most valuablo 
of the Stassfurt salts, together with 26 p.c. rocsk- 
salt, 16 i).c. kieserite, the remaining 4 fue, 
consisting of magnesium chloride (bischoiitr) 
MgCla, 61-1,0, magr.c-uri! l.rrr-.irlo Mg'.Br 2,611,0, 
tachydrite ((:.iC'l,, 2 .M'.f(,l 2 . 1:!ll,,n), borav.ile. or 
'7 -'-■■•/■V- ‘ ^), anhydrite QrHO re.ich- 
(.■; r'",.'... = ■), clay, sand, micaceouH 

■ ' . ■ : tlucknesy of this stratui'ii 

is 140 feet. 
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In some places the action of water has pro- 
duced important changes in this region which 
have replaced the kieserite and part of the 
carnallite by Jcainite K2SO,i,MgSO.,,MgCl2,6HjO ; 
or K01,MgS04,3Ho0, according to another way 
of grouping the constituents (about 65 p.c. of 
the whole), part of which has passed over into 
schoenite {picromerite) KoS04,MgS04,6H20. In 
other places the magnesium chloride has been 
washed out entirely, and the mixture contains 
20 p.c. of pure potassium chloride, syh'ine, with 
30 to 40 p'.c. of rock-salt, and an equal quantity 
of kieserite and other impurities. Only ex- 
ceptionally astralcanite NaoS 0 ,j,MgS 04 , 4 H „0 is 
found. 

Other Stassfurt minerals of minor importance 
are : leonite K2Mg(kS04)2,4H20 ; 

mveiie K 2 Mg(S 04 ) 4 , 2 -JHo 0 ; 
langheinite K2Mg2(S04)3 ; glaserite K3Na(S04)2 ; 
vanthoffile ISraBMgfSOij)^ ; 

Jerugite K„MgCa4(S04)3,2Ho0 ; 
pinnoUe MgB204 SH^O ; 

ascJiarite Mg3Bg045,2H20 ; 
haliborite or Jieinzite B 0 • 

neskm s^ilphohorite 6 ■ " 

The salts are cov ^ ■' 6 , t 

of mlt'day, over this from 133 to 300 feet of 
anhydrite, and this again by SO to 100 feet of 
very pure, transparent roc.lc-salt, free from 
calcium sulphate, evidently a .secondary for- 
mation. 

Formation of the Stassfurt deposits. There 
can be no doubt that the formation of the salt 
deposits of the North German Plain has been 
caused by the evaporation of sea-water. But 
there must have been special causes why, in a 
comparatively small part of that large area — 
viz. in the vicinity of Stassfurt — potassium 
and magnesium salts have been separated in 
large quantities, whilst on the greatest part 
of the ground only rock-salt and anh5^drito arc 
found. 

According to Eegnault, the average com- 


position of sea-water is : 

Total percentage of solids 3-53 

consisting of : 

Sodium chloride . . . 70-49 

Potassium chloride . . 1-98 

Magnesium chloride . . 10-20 

Magnesium bromide . . 0-00 

. . ({.61 

. 3-97 

Calcium bicarbonate . . 0-08 


99-29 

We find here all the materials for the forma- 
tion of the Stassfurt deposits, the average com- 
position of which has been stated by Bischof, as 
follows : 


Rock-salt 

Percentage 
expressed in 
minerals 
. 85-1 

Anhydrite 

. .v7 

Polyhalite 

. 0-8 

Kiose?51te 

. 3-3 

(Jan^llito 

. 0-2 

Maghe.sram chloride 

. 0-9 


Percentage 
expressed in salts 


Sodium chloride 

. SS-?' 

Potassium chloride . 

. 1-7 

Potassium sulphate . 

. 0-2 

Magnesium chloride . 

. 2-6 

Magnesium sulphate . 

. 3-1 

Calcium sulphate 

. 4-0 

Chemically-combined water 

. 3-3 


Since Bischof ’s time the bottom of the de- 
posit has been reached, and it can now be said 
that the percentage of sodium chloride and 
of calcium sulphate is much higher than ho 
assumed. 

If we compare the composition of the Stasa- 
furt deposits with the results of the artificial 
evaporation of sea- water as carried out in 1849 
by Usiglio (Ann. Chim. Phys, [iii.] 27, 92), we find 
that tliere are some differences, partly caused by 
the long duration of the natural process and its 
yearly interruption, partly by the loss of mother- 
liquor [v. infra). The various salts were trans- 
formed into the minerals now present by a subse- 
quent loss of water and by their mutual inter- 
of those minerals 
■ ' ■' ■■ ds, caused by the 

autumnal influx ot iresfl sea-water. One re- 
markable difference also is this : whilst in arti- 
ficial evaporation the calcium sulphate is entirely 
precipitated at an early stage, it is formed at 
ytfissl'uri; tiveii in the strata consisting of mother- 
liquor salts. Why the calcium sulphate at Stass- 
furt is in the form of anhydrite, not in that of 
gypsum (0aSO4,2H.4O), as in the artificial eva- 
poration of sea-water, we understand now 
from the observations of Hoppe-Soyler (Chem. 
Zentr. 1860, 217) and Rose (ibid. 1871, 013), 
according to which the hydration water of 
gypsum is abstracted fi-om it )),y contact wit.h a 
nearly -saturated solution of sodium chloride, a 
condition which we must assume to have existed 
at Stassfurt. 

It is quite evident that the Stassfurt deposits 
have not been formed by the simple evaporation 
of a basin of normal sea-water, which would 
have been required to possess a depth of about 
30 miles, and which would have {uoduced a 
very different arrangement of salts. There 
must have been conditions similar to those even 
now found present in some of the iSarmatian 
lakes. Thus Gobel found at the bottom of Lake 
Elton a salt deposit of a thickness of 12 feet, 
consisting of 100 annual layers, which increased 

lake is filled with a saturated brine ; by the 
surface-evaporation in summer, crusts of com- 
mon salt are formed, which, sink to the bottom. 
Later on, the common salt gets mixed with 
Epsom salt and other mother-liquor salts, which 
form a porous, bitter, and deliquescent layer. 
The autumnal rains and floods partly dissolve 
and partly donsify this toyj layer, and at the 
same time cover it with black mud, thus forming 
a distinct boundary line iipon which the next 
year’s crusts are formed again. In spring the 
water of that lake contains 13-5 p.c. sodium 
chloride and 10-5 p.c. of magnesium chloride ; in 
autumn it holds but a small quantity of liquor 
containng only 4 p.c. NaCl, with 20 ]).e. 
MgOL. 
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The nearest approach to the Stassfurt concli- 
tioTiTi is foinid in the Adji-Darja Bay, in the east 
of the Caspian Sea, a bay of a snpcrRcial, area of 
2000 or 3000 sea miles, and almost entirely 
separated from the Caspian by a bar. There is, 
however, a small channel throngh which the 
water, abstracted by the intense evaporation 
within the bay, is replenished from the Caspian. 
This causes a continuous separation of salt, 
which is estimated by Schleiden at about 400,000 
tons per diem, and the formation of a mother- 
liquor, part of which finds its way bade into the 
Caspian. Where the depth of the bay is greater, 
the concentrated liquor sinks to the bottom, 
causing a state of sursaturation at this place and 
the deposition of mother-liquor salts. Without 
this, practically all the mother-liquor would 
flow back over the bar, and tio mother-liquor 
salts would be formed ; and this seems to have 
been the condition of most of the rock-salt, form- 
ing basins of former geological periods. In the 
case of the Stassfurt salts wo must undoubtedly 
assume an intermittant influx of water, and also 
a number of geological elevations and depres- 
sions of level in orcler to account for the succes- 
sion of the various strata. We may, with very 
great probability, assume the following T>lay of 
causes : the Stassfurt basin was a valley, in- 
closed "'•'y ■',-r..c;-:Cid‘:;Tl folds of the earth’s 

crust, Ci.'.'ii' ii.g a: (■: o end with the ocean 

by a Imr, t,\rr ■.■.hich, in autumn, the 

giilos and high tides curried largo quantities of 
sou-water ; not sufficient, however, to replace 
the water lost by evaporation. For a long period 
only gypsum was eleposited here ; afterwards 
common salt was formed as ■well, which con- 
verted the gypsum into anhydrite, Imt which for 
a long time was re-dissolved every autumn by 
the dilution of the liquor, caused by rain and 
floo<ls. Thus the thick crust of gyjisum and 
anhydrite was formed which lines the bottom of 
the basin. Later on, the liquor became more 
and more concentrated ; the crusts of common 
salt now became permanent, and the yearly 
deposits increased in thickness. The sursatura- 
tion of the liquor at the bottom caused the 
transformation of the common salt into rock 
salt (as first ]iroved by Mohr). Just as wo observe 
it now in the ‘ salt gardens ’ on the Mediter- 
ranean, the last portions of the summer salt 
contained a little gypsum, but the greatest 
quantity of gyp.sum was precipitated when 
the strong brine came into cont.act with fresh 
sea-water breaking over the bar, thus forming 
a distinct lino of separation against the next 
year’s deposits in the shape of the ‘ anhydrite 
strings.’ Since there was less and les.s room in 
the basin for fresh sea-water, those strings 
decreased in thickness during this period, which 
must have lastetl several thousand, s of years, 
during the later part of which the yearly dgjosits 
had an average thickne,ss of 3^ inches. Owing 
to further concentration of the liquor the crusts 
of salt in the later part of summer were morcj 
and more mixed with Epsom salt, which aj>pears 
also with the cryp.sum precix)itated soon after 
by the influx of fresh .scia- water. In this period, 
which must have la.sted .500 or 000 years, 
polyhalite, K.,S04,MgS0„2Ga,S04.2H20, ‘ was 
formed b. Gu' b '.'.■■■y: .some carnal- 

lite, Kd'.'.y I'i ! „(). in .summer, was 

at that period always decomposed in autumn by 


fresh soa-water, and the potas,sium chloride thus 
set free and coming into contact Avith the 
deposited Epsom salt was converted into potas- 
sium sulphate, which met with enough mag- 
nesium and calcium .sulphates to form polyhalitc. 
Exceptionally, indeed, carnallitc is actually 
found in that regioti. During the next period 
of 500 years, with ‘ '■ aitration, 

some carnallitc was ■ ■ ■ ■ , . but the 

principal dopo,yit at that time consisted of 
kieserite. MgSO^.HgO. It has been proved by 
Precht (Ber. 14, 2131) that from a concentrated 
solution of magnesium chloride, such as must 
have filled the basin at that period, the mag- 
nesium sulphate is separated by evaporation, 
not in the state of Epsom salts (MgSO.jjTPLO), 
but in that of kieserite. This compound 
Ijcing insoluble, as well as the anhydrite, the 
formation of polyhalite was not any more 
possible. 

During the fourth and last period of 500 
years, when there was less room for the influx of 
fresh sea-water, the formation of carnallite got 
the ui)pcr hand. Pfeiffer has proved that that 
salt, and even hydrated magnesium chloride, can 
bo made to crystallise by spontaneous evapora- 
tion at the temperature of hot summer days jji 
our present climate. The formation of carnallitc 
must have been still abundant, and a deep layer 
of mother liquor, in which magnesium chloride 
prevailed, must have been standing over the 
potash-bearing strata when new geological 
changes caused the eruption of a mighty mass 
of clayey mud, charged with organic substances, 
which sank to the ground, forming a layer of 
salt clay, 2(5 feet thick, which protected the 
underlying strata against a subsequent solution 
of the salts previously deposited, even after the 
mother-liquor had run off. The loss of that 
liquor accounts for the difference between the 
average composition of the Stassfurt deposits 
and that of the sea-water (comp, above). 
Wherever such accidental protection was not 
afforded, the surface-water must have re- 
dissolved the upper strata, which accounts for 
the general absence of mother-liquor salts in 
other localities. 

Apart from Stassfurt, the following occur- 
rences of potassium salts require mention- 
ing 

In 180(5 at Kalusz, in Eastern Galicia, potas- 
sium salts were found in large quanijties, 
principally consisting of sylvine and kainite, 
and a largo manufacturing industry was com- 
menced, But the quality of the salt proved 
inferior to the first samples, and in 1875 
the works were di.seontinued, for various 
rea.sonH, as being unable to compete with Stass- 
furt. 

Small quantities of pota,sHium salts, always 
of poor quality, have beeri found in the 
Punjab, in Persia, and in Colorado. Nonci of 
thescj deposits gives any promi.se of industrial 
application. 

The rocJc-mlt in the mines round Stassfurt 
is not now obtained from the Iowxt strata, where 
the admixture of anhydrite brings it dowm to 
95 p.c., but from the upper (secondary) strata at 
Ncu-Stassfurt, where it comes up 99 p.c. of 
real sodium chloride. There is also a largo 
quantity of pan-salt made in the nei^hbourir4; 
Schoncbeck salt w'orks. „ 
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The average composition of crude. carnalUte 
is : 


Potassium chloride 

Per cent. 
15-7 

Sodium chloride 

21-5 

Magnesium chloride (with a little 
bromide) . . ... 

21-3 

Calcium chloride . 

0-3 

Magnesium sulphate 

13-0 

Insoluble (anhydrite, clay, &c.) 

2-0 

Water ..... 

26-2 


Small quantities of rubidium (0-001~0’003 
molecules), caesium and ammonium, and of 
bromine (0'005-0-01 mol.) are always present in 
carnallite. 

It is sold on a basis of 16 p.c. potassium 
chloride; salts with loss than 12 p.c. potassium 
chloride are hardly ever worked. 

Crude kainite generally contains ; 


Per cent. 

Potassium sulphate . . 24-0 

Magnesium sulphate . . 15-5 

Magnesium chloride . . 13'0 

Sodium chloride . . . 31'0 

Gypsum and claj’- . . . 1-6 

Water 14-0 


Kainite is not very much worked now. 

Hartsalz is a mixture of about 20 p.c. sylvine, 

25 p.c. kieserito, and 66 p.c. rocksalt. 

Sylvinite is the name given to crude kainite 

or hartsalz, if the percentage of potassium 
exceeds 13 p.c. K^O. 

Crude sylvine (not to be confounded with 
sylvinite) is a raw material of great importance, 
consisting of varying quantities of sylvine and 
rock-salt: - of k;qi varies from 

26 to 60, ■ . ■ or 90 p.c. 

Crude kieseriie is very impure, much more 
so than the residual product obtained in the 
manufacture of potassium chloride. Still, about 
12,000 tons per annum are used. 

Boracite, with 62 or 63 p.c. crystallised 
boraoio acid, is obtained as a by-product. 

The manufacture of Potassium Chloride at 
Stassfurt. 

At first the importance of the strata found 
underlying the rock-salt at Stassfurt was not 
recognised, and it is principally due to the un- 
tiring exertions of Dr. A. Pranck since 1860 that 
this was ultimately done. In 1861 he erected a 
small factory, and was immediately followed by 
Messrs. Vorster & Griineberg, and'soon after by 
Messrs. Leisler & Townsend. The last-men- 
tioned factory — called the ‘ English factory ’ — 
which was designed, on the principle of intro- 
. 1 -. ... ,...,.7. '—-’-anical labour as possible in 
' “'i ' ' ■ was very important for the 

later development of that industry. In 1864 
there were already 18, in 1872, 33 diilerent potash 
works at Stassfurt, in 1887 the number was 35. 

The raw material for the manufacture is the 
crude carnaUite as supplied by the mines in 
tolerably uniform quality ; its average composi- 
tion has been stated above. The principles of 
working it? up are as follows : carnallite, 
KChMgClj^SHaO, is unstable in the presence 
o:^wat‘'' : -■'---v'r'---’ .gmaof very 

finely , . ; . ■ ' " b* and a solu- 


tion of magnesium cihloride, retaining but little 
KOI at a low temperature. On heating, the^jjjolu- 
tion dissolves much more KCl, and on cooling 
the latter salt is separated in much larger crystals 
so long as the profjortion of MgClg does not 
exceed three times that of KGl. When that pro- 
portion has been reachctl the liquor on further 
concentration yields a crop of carnallite, which 
at a low temperature is very little soluble in the 
remaining solution of magnesium chloride. Of 
the foreign salts present in crude carnaUite, rock- 
salt is much less soluble in hot hlgClg solution 
than KCl, and thus remains behind to a great 
extent; Ideserite, which is insoluble as such 
but turns into soluble Epsom salts on heating 
with pure water, is prevented from so doing by the 
presence of magnesium chloride. The remain- 
ing substances are not of much consequence ; 
some of them are quite insoluble. 

PracticaUy it has been found useful to treat 
the ground raw material, not with water, but 
with waste liquor from a previous operation in 
such quantity that it suffices for dissolving the 
carnallite present at a boiling heat ; the solution 

7 - i residue -( the washings 

-a fresh solution) and is allowed 
to cool down, when it dei)osits about 80 p.c. of 
the potassium chloride ; the mother-liquor, on 
further evaporation and cooling, yields the whole 
of the remaining KCl as a crop of carnallite 
which is decomposed by water as above. The 
products are purified in the manner described 
below. 

The first operation, dissolving the crude car- 
nallite, is the most important of all for the 
success of the manufacture. The result differs 
very much according to the quality of the crude 
carnallite, according to its state of division, 
according whether pure water or liquors obtained 
in other stages of the manufacture are employed, 
and also according to the duration of the opera- 
tion. it is, in principle, preferable to effect the 
solution of carnaUite as quicldy as possible 
in order to dissolve less of the other salts. The 
quickest operation is undoubtedly that practised 
at the ‘ English ’ factory — crushing the crude 
carnallite into powder, and dissolving it in a 
close vessel at several atmospheres pressure 
with mechanical agitation. But this prooe-ss 
causes too much rock-salt and even Ideserite to 
be dissolved at the same time, and it also causes 
the formation of very much mud ; hence most 
manufacturers work at the ordinary atmosplreric 
pressure, or very little above it, without me- 
chanical agitation, and employ coarsely-crushed 
carnaUite. 

Eig. 3 shows one of the usual descriptions of 
dissolver. T’he true bottom g is slanting, the false 
bottom e is horizontal. The latter is perforated 
by a large number of holes -J-inch wide; in the 
centre there is a double-hinged trai)-door 1, also 
perforated. The two halves of this door are sus- 
pended from the hinged arm a ; they are closed 
when a is in the upright position, in which it is 
kept by the vertical rod 7i. V.T.. ■ . 

been run off through c, the . ■ ■ ■ : 

and the rod h is knocked av „ , . .... 

arm a to turn over, and the two halves of h faU 
down. The residue is now easily washed down 
from e, and cleared out throu"'’ f ’’'U- 

of water passed aU over e by : ■ ■ ■ . ■■ ■ . . 

steam-pipe d, with two rows of holes, is carried 
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round the central opening of e.. The conical 
shapjp of the bottom has the two-fold advantage 
that the liquor can be run oil completely and 
that the residue can be got . 

Formerly the dissolvers ^ ! 

iron, but since it has been ■ , ■ ' ■ : ■ 

iron resists much better th ■ ' 



duced, the head of the steam-pipe being closed 
by a bulb with many perforations. 

Whore it is considered desirable to dissolve 
under a slight pressure, the top of the dissolver 
is covered in, the man-hole being closed during 
the work, or else a tube reaches down from the 
cover into the liquid, nearly to the false bottom, 
in order to introduce the salt, and to produce 
some degree of steam pressure in the apparatus. 
The waste steam can be employed for heating 
up the T ■■ ’■.•‘■■.■'-r' v in another pan. Such 
vessels, : ■! 1 ' 'f about 360 cubic feet, 

admit of working up 60 tons of salt and more in 
24 hours. 

Tho liquor employed for dissolving (called 
‘ Loselauge ’) is a mixture of various liquors 
resulting in tho manufacture, especially tho 
washings of the first residue, and those of the 
i .r various mother- 

. ■ ■ ■■ of a sp.gr. 1-268 to 1-279; 

through being heated up by waste stciara, the 
liquor comes down to 1-^67, and is used in this 
state. This liquor is run into the dissolver until 
this is half full ; steam is injected until the liquor 
IS brought to boil, and only then tho crude 
carnaUito .^s introduced. For each 100 cui)io 
feet of tank room, from 30 to 30, or at most 
42 cwt. of carnallite can bo charged. The solix- 
tion is first brought to sp.gr. 1-313 to 1-337 
(measured hot and in the muddy state), but 
in this state the residue would be very difficult 
to treat ; there would be considerable loss of 
potassium chloride by crystallising out before 
the liquor was clarified, and the potassium 
chloride obtained in the coolers would be con- 
taminated by newly-formed carnaUite. To avoid 


this, tho solution is diluted to sp.gr. 1 -28 or 1-30 
(measured hot and muddy). Tlie operation of 
dissolving ought not to last more than half an 
hour, or, including other necessary work, 2 
hours, so that 12 operations can be made in 24 
hours. 

The solution must now be clarified by allow- 
ing it to rest for an hour or two in settling- 
vessels, and drawing off the clear portion by 
means of a drop-siphon. The clarifying opera- 
tion can be promoted by sprinkling a little milk 
of lime on the surface, which precipitates some 
magnesia, the latter carrying down the other 
impurities. The residue must be once or twice 
boiled up with fresh water, if the crude carnallite 
had been employed in lumps of the siy.e of a fist ; 
if, as now usual, it had been more finely crushed, 
it is either removed at once, or it is ])reviously 
boiled xip with a small quantity of mother-liquor, 
the resulting liquor being utilised as part of 
the dissolving liquor for fresh carnallite, or by 
cooling down, when it yields weak pcjtassiura 
clilorido. 

Tho following analyses show the compo.sition 
of tho ultimate residue, forming from 26 to 30 
parts of tho crude carnallite : 



a 

b 

0 

Potassium chloride . 

6-26 

3-0 

2-2 

Sodium chloride 

47-00 

46-0 

64-8 

Magnesium cldorido 

3-86 

2-0 

2-6 

Magnesium sulphate 

29-26 

38-0 

22-9 

Calcium sulphate 

2-16 

0-7 

1-8 

Insoluble 

6-00 

6-3 

6-0 

Combined water 

0-60 

6-0 

10-8 


100-00 

100-0 

100-0 


a is a product as formerly obtained, h and o 
more recent prodxicts of different works. The 
‘ insoluble ’ is mostly anhydrous calcium sul- 
phate, clay, boracitc, and sand. 

The residue was formerly allowed to accu- 
mulate in largo heaps, part of which only was 
utilised for manufacturing kiesorite and sodium 
sulphates ; where there was not room enough for 
A-'- -'t had to be washed away by a 

■ .. . T*. 7 employed 

for filling up tho . ■ ' ■ carnallite 

mines, since this has boon required by Govern- 
ment regulations in order to prevent subsidences 
of the soil. 

A different kind of residue is obtained by • 
thoroughly settling the liquid in tanks, protected 
against cooling, and drawing off the clear liquor 
by means ” d- ■ .-'"b’'. This second resi- 
due, the ‘ ■ insists essentially of 

--■-.-r v--'- 1 ’ya little anhydrite, clay, 
chloride, &c. ; also by 
potassium chloride. It is separated from the 
liquor by means of a vacuum filter, or, prefer- 
ably, of a ""'hich it can also be 

washed by ■ ■ ■ ■■ v . c ■- which removes tho 
potassium ■ ' affecting tho other 

salts to a great extent. Even then from 4 to 26 
p.o. of potassium, calculated as chloride, arc 
retained in. tho mud, prfibably in tffo shape of 
pota.ssium magnesium sulphate. 

Formerly tho clear liquor was purposely 
allowed to cool down to some extent, say to a 
temperature of 80° or even less, before being run 
into the crystallising vessels, in orter_ to pre- 
cipitate some sodium chloride. But since the 
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solution is now made by means of mother- 
liquors, the clear liquor contains less NaCl, and is 
generally at once employed for crystallisation. 
The following analyses refer, I. to a liquor made 
with Avater, of sp.gr. i-S (at 105°) in the muddy, 
and 1*284 in the clarified, state ; II. to a liquor 
made with mother -liquor, of sp.gr. 1-313 (at 
105°) before being diluted with water; 111. 
shows the maximum and minimum percentages 
found in ordinary liquors : 


Potassium cliloride . 
Sodium chloride 
Magnesium chloride . 
Magnesium sulphate . 
Water 

1 cubic metre con- 
tained . 


I. 

II. 

III. 1 

11-08 

10-70 

8-14 

5-68 

4-20 

4-8 

17-65 

24-60 

15-2i) 

2-92 

1-50 

1-5-5 

62-67 

59-00 

— 


142-2 140-5 kilo, 
potassium chloride. 


T’ ■ • -.-essels (coolers) are wrought- 

iror sizes, usually from 160 to 

300 cubic feet capacity — e.g. 7x8x4 feet, with 
bottoms slanting a little to one side, where there 
is a plug for running oil the mother-liquor. They 
are best placed a little above the floor, so that 
the air can circulate underneath, and in summer 
this should be promoted by Venetian shutters in 
the building. If the cooling takes place too 
quickly, the crystals are too small and muddy. 
Two or three days ought to suffice. 

The salt first precipitating carries down such 
suspended matters as had not been removed by 
settling ; hence such ‘ bottom salts ’ are less 
pure than the ‘ side salts ’ crystallising after- 
wards. The quantity of the latter is sometimes 
increased by suspending bundles of wire in the 
coolers, but this is now done but rarely, ns the 
extra labour is harcUy recompensed by the ad- 
vantages of that process. When the cooling has 
been finished, the mother-liquor is siphoned off, 
or is run off by a plug, exactly as in the manu- 
facture of soda crystals. 

The proportion of bottom salts to side salts 
ranges from 2 down to 1 part of the former to 1 
of the latter ; some analyses of this ‘ first pro- 
duct ’ run as follows : — 



1 Bottom salts 

Side salts 

Mix- 


Drained 

Dry 

Drained 

Dry 

of both 

Potassium chloride 
Sodium cldorlde . 
Magnesium chloride! 

,, sulphate 
Insoluble . 

Water 

.50-2 

27-0 

4-3 

2-0 

0-5 

16-0 

59-76 

32-14 

5-12 

2-3S 

0-00 

00-8 

24-4 

2-8 

1-0 

11-0 

158-31 

27-42 

3-15 

1-12 

04-69 

28-22 

7-5-8-5 

0-5-0-5 


The mother-liquor drained off from the 
crystals of KCl retains about | of tbe total 
KCl, mo.st of which is recoverable by evaporation 
and cooling the concentrated liquor. 

The following are analyses of the ‘ first 
mother-liquor,’ as remaining behind from the 
‘ first product ’ (I. former process, II. present 
process) : 

Specific gravity at 20‘ 

Potassium chloride 
Sodium chlrride. 

Magnesium chloride 
MAgnesiui?! sulphate 
Water 


I. 

II. 

1-273 

1*279 

5 -.50 

4-50 p.c. 

3-80 

3-20 „ 

19-90 

22*80 „ 

2*70 

2*15 „ 

68-10 

67*35 „ 


Part of it is employed for dissolving fresh 
crude salts as mentioned above ; the rom|lnder 
is concentrated by evaporation until nearly all 
the KCl can be obtained on cooling as artificial 
carnaUite. This concentration was formerly 
carried out in two stages — first to sp.gr. 1-279 
(when low-grade potassium chloride was ob- 
tained), and then to 1*325 ; but now, since coal 
is dearer and lower prices are obtained for the 
product, it is found best to concentrate at once 
to 1-325, which means evaporating about one- 
third of the bulk of the liquor, till the boiling- 
point reaches 123°. 

The evaporation must be carried on in such 
manner that the heating surfaces are not covered 
by crusts of salts, and, of course, in such a way 
that the fuel is utilised in the best i)Ossible 
manner. Evaporating by means of steam-coils 
has been found less economical than by means 
of open fires. Passing over the antiquated 
modes of concentration as formerly employed 
at Stassfurt, we shall describe the more recent 
process. It is now usual to carry on the evapora- 
tion successively in two different kinds of ap- 
paratus — namely, first, up to the point where 
salts would be separated in the boiling liquor in 
ordinary two-flued steam boilers, the steam being 
utilised for. dissolv'- . 1 ■ ; ■ . . In 

lieu of this the first , . ' ■ . . . , : with 

very groat advantage, earned on in combina- 
T- '■ , ; ■ V. sTioh as have been in use 

, ,, ■ ■ : , works, and here and there 

. .!ho second stage of con- 
' ■ . ■ , : ■ . s are separated during the 

process, is best carried on in open ijans, heated 
by internal flues, as shown on a scale of in lugs. 
4 and 6, which at the same time illustrate the 
‘ step-grates,’ universally employed at Stassfurt 
for the friable brown coal found in the neigh- 
bourhood. The flame, generated on the grate g, 
passes through the central wrought-iron tube a 
and back again through the lateral tubes hb into 
the brick flues U. The very strong boiling of 
the liquor prevents the formation of any crusts 
of salts on the tubes a and b. 

It has now become general to cover in these 
pans, and to utilize the steam escaping from them 
in various ways. The consumption of fuel 
(lignite) has been greatly diminished by the 
intfoducti on : ■ ■ ’ . " . 

The first ... . _ -which 

no salts are ■ . . above sp.gr. 

1- 2f); durin^j -. -ation is con- 

tinuous, fresh liquor being run into the boiler to 
keep it up to the same level. In the second 
stage the salts were formerly removed by fish- 
ing, which might be done more advantageously 
by mechanical means. It is, however, usual to 
boil down to sp.gr. 1-32 or 1-33 in winter, 1-33 
or 1-345 in .summer (testing the liquor in the 
muddy and hot state), to allow it an hour’s 
settling, and to run it then into a cooler. The 
fished salts and the settling mud are wa.shod with 
water, the washings being utilised for dissolving 
crude salts ; but even then they contain from 
7 to 12 p.c. potassium, calculated as chloride, 
together with 50 to 66 p.c. of sodium chloride, 
and cause an appreciable loss, as it is not easy to 
extr--^ -■'■loride with advantage. 

j ' ■ ■ ins about 5-5 to 6 KCl, 

2- 3-:'-^ ■ . ■■■ ■ :‘-6-3MgSO4,and59-04 

HjO. It is run into coolers, and left there during 
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three or four days. At first — that i.s, down to a 
tem^erp-ture of 05° — principally sodium chloride 
crystallises out, and this can bo kept out by a 
previous cooling down to that temperature. On 
further cooling, ‘ artificial carnallito’ is separated, 
usually containing from 18 to 22 jr.c. KOI, equal 
to 67-82 p.c. of real carnallite, together with a 
little NaCl, MgOig, and MgSO^. This salt is dis- 
solved in water, brought to boiling heat by means 
of open steam, till the sp.gr. = 1-268 (at 105°) 
has been attained, and a little milk of lime is 
added at the finish, in order to remove any iron 
present and to mechanically clear the liquid. 


The dissolving and settling last an hour each, 
’■ ' three or four days. Some- 
■ ■ irnaUite ’ is decomposed in 

the cold way, by o. ...oi, water 

until most of the h ^ ■ ■ , and separa- 

ting this solution by suction from the solid KCl 
remaining behind. The result of the operation 
is solid potassium chloride, ‘ second product,’ 
and a ‘ second mother -liquor,’ of sp.gr. 1 -257 
(measured cold), with 3-4 p.c. KCl, which is 
usually added to the first mother-liquor in 
the concentrating pans. 

The quantity of second product amounts 



to about 20 p.c. of the total make of potassium 
chloride ; its analyses show its comparative 
jiurity : 

Botto^n salts. 


Potassium clxlorido 

Drained 

67*0 

Dry 

77-38 

Sodium chloride 

13-7 

15-82 

Magnesium chloride . 

5-3 

G-ll 

Magnesium sulphate . 

0-6 

0-09 

Water 

13-4 

— 

Side salts. 

Drained 

Potassium chloride . 80-2 

Dry 

89-02 

Sodium chloride 

7-0 

7-77 

Magnesium chloride . 

2-6 

2-88 

Magnesium sulphate . 

0-3 

0-33 

Water 

9-9 

— 


The following are tests of the ‘ final mother- 
liquor ’ — i.e that which remains after the crystal- 
lisation of the artificial carnallite : 


Specific gravity 

kormor 
process 
. 1-319 

Present 

process 

1-313 

Potassium chloride 

. uio” 

S" 

Sodium chloride 

. 0-95 

1-20 

Magne.sium choride . 

. 29-50 

28-05 

Magnesium bromide 

. 0-30 

0-31 

Magnesium sulphate 

. 2-22 

3-10 

Water . 

, 55-78 

00-14 


Its quantity is 5 or 7 cubic metres to each 10 
tons of crude carnallite, and it is now usually 
worked for 'bromine, {q.v.) ; partly also for mag- 
nesium olilorido {v. infra). 



Fig. 5. 


Purification of potassium chloride. This is 
always performed by washing, utilising the fact 
that at low temperatures the solubility of KGl 
decreases very much more than that of NaCl, 
MgCL, &c., and that the contact of water with 
those salts itself causes a lowering of the tem- 
perature (sometimes amounting to 10°), so 
that the water in winter would be turned into 
ice if it were not employed in the tepid state. 


The washing of the salt takes xhaeo in iron 
vessels, provided with a false bottom, upon which 
the salt rests. This false bottom is made of 
wood or of iron plates, perforated with j)-in. 
holes, and is covered with sa " . ■ ' " ■ 

with a web of split cane. ' = 

employed for washing is '■ .,i : 

salt by means of an elastic tube, ending in'-'a 
rose, and the liquor is removed fron'- underneath 
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the false bottom by means of a tap or plug. 
In Fig. 6, A is the tub, n a inan-holo through 
which the washed salt is removed at the end, b 
the false bottom, c the tixbe and rose for washing, 
d the charging bogie, e the riinning-ofl tap. 

The tub is completely filled with salt, and 
this is first washed with washing-liquor from a 
former operation, which in this way yields some 
of the KCl previously taken up, and takes up 
NaCl in this stead. After having twice served, 
in this way, the liquor is used for dissolving 
crude carnallite, in the first operation described 
above. The first liquor is run off at once, until 
the ' ■ ' ’ n displaced ; the tap e 

is n( ■ ... ^ ■■ is run on to the, top of 

the salt, leaving it in contact with the same for 
two hours, and then running it off. This is re- 
peated with once-uscd liquor, and last of all 
with fresh water. The washing-tubs are best 
suspended from, the staging by means of trun- 
nions, with toothed-wlieel.s for turning them on 



water. In the centre there is a perpendicular 
shaft, I revolving in a bearing protected by a 
cap. This shaft is moved by means or l.ho 
pulleys u and the licvel wlieeLs Ic, and it carries 




.j 
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their axis at the end of the operation, for the 
purpose of emptying out the washed potassium 
chloride. 

The washing operation is not advantageous 
with products containing less than CO p.c. KOI ; 
such products are better purified by re-crystaUi- 
sation. 

The washed salt naturally contains a con- 
siderable quantity of water. By simple draining 
this can be got rid of down to 7 or 9 p.c., by 
centrifuging to 5 p.c. The remainder is removed 
by heating, which was formerly mostly done in 
reverberatory furnaces. T’--: -'r-;' -',-' 
use now is shown in 1 ■^. '. 

Upon the ^foundation i a cast-iron drum h Ts 
mounted, the hollow part of which is heated 
by steam through m, whilst at n there is a 
steam-trap ^for the removal of the condensed 
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the horizontal arm t, to which are' attachcd a 
number of plough-shares a, a crushing-roll h, 
and a discharging-scraper c, sot in motion by 
handle e and lever s. The last-mentioned pait 
serves at the end of the drying operation for 
moving the salt towards the circumference, where 
it falls through an opening, kept shut up to this 
time by a slide, into a shoot and bag attached tf) 
it. Each charge yields 60 kilos, dry salt, and 
each drying-plate turns out from 2 to 2-J- tons 
per day of 27 hours. With wrought-iron plates 
of 8 feet diameter, which transmit the heat more 
easily, nearly 6 tons can bo dried in 24 hours. 
In some places Thclon’s mechanical drying- 
pans arc employed, which arc heated by direct 
tire, and yield about 1C tons per 27 hours, with 
an expenditure of 8 to 10 p.c. of broxvn coal 
(the fuel value of which is not quite one-half tliat 
of ordinary coal). 

Whichever apparatus may be employed, the 
formation of crusts cannot bo entirely avoided. 
These are removed once a day, and are crushed 
in order to be sold as manure salts, contaim’ng 
about 70 p.c. KCl. 

The drying is usually carried up to 2 p.c. 
water for low grades, or O-C p.c. for high grades ; 
but it is best to leave the salt a short time in a 
cool, dry place before packing. It is then crushed 
between rolls, sifted, and packed into jute bags, 
holding 100 Idlos. each. 


Analyses on Commeeoial Potassium 

C’ELOEIDB. 


- 

a 

6 

c 

d 1 

e 

1 f 

KCl . 

80-85 

89-78 

82-00 

96-5 

84-30 

98-58 

NaGl . 

16-25 

8-10 

16-00 

2-0 

12-98 

0-22 

MgCla 

0-20 

0-10 

0-40 

0-2 

0-19 

0-07 

MgSO* 

0-59 

0-33 

0-30 

0-2 

0-10 

0-12 

CaSOi 

0-18 

0-27 

0-25 

0-3 

0-22 

0-24 

Insol. . 

0-33 

0-32 

0-15 

0-2 

0-23 

0-31 

Water 

1-60 

1-10 

0-90 

0-6 

1-98 

0-46 
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a and 'o manufactured in 1869, c and d in 
1873^ e and /in 1884. 

Another process for treating carnallito has 
been iJatented by Schliephacke and 1-lieinann 
(D. R. P. 43932). They smelt raw carnallito 
in a cupola furnace with felspar or granite, and 
run the liquid product into cold water, whereby 
it is granulated and the soluble salts are more 
easily extracted. Magnesium silicate remains 
behind in an insoluble state ; the solution, which 
contains the jmtassium as silicate, is treated 
with a solution of crude carnallito or waste 
liquors from the manufacture of potassium 
chloride. The ensuing roacton is : 

MgCla+K 2 Si 03 -MgSi 02 + 2 KCl, 
so that only jjotassium chloride remains in solu- 
tion. The gases escaping from the throat of the 
cupola furnace are to be treated for chlorine 
and hydrochloric acid. (This ingenious process 
does not seem to have been practically carried 
out.) 

Manufacture of ‘potassium chloride from 
sylvine . — This is an exceedingly simple matter, 
since a hot saturated solution of KCl-hl^cCl on 
cooling allows nothing but KCl to crystallise out. 
Ground sylvine is dissolved in the same way as 
described in the case of carnallito ; the solu- 
tion, if necessary, is cleared by subsidence and 
allowed to crystallise, just as the solutions 
obtained from carnallito. The resulting potas- 
sium chloride tests 92-94 p.c. KGl,'evon without 
wasliing, and by washing can bo brought up to 
98 p.c. Experience has shown that the crude 
sylvine should not contain more than J p.c. MgO 
(in the shap)e of hicsorito) ; if it contains more, 
both MgO and SO 3 are removed by adding 
milk of lime. A modified process for obtaining 
sylvine from mixtures with rocksalt, &c., i.s 
described in the D. U. P. 132474 of Speyercr. 

The manufacture of KCl from /lartsnk i.s 
carried on in a similar manner, e.g. by Tiinger’s 
1). R. P. 102075; but as this material is of 
very varying composition, the special rules for 
working must be fixed from case to case. 

Meyorhofler (D. R, P. 9190G) obtains potas- 
shxm olilorido from carnallito by heating this 
to about 107°. Aliout three-quarters of the 
KCl is thus obtained in a solid form, whilst the 
remainder and all the MgCl 2 remains in solution 
which, on cooling down to about 116°, deposits 
nearly all the KCl and leaves only MgClg in 
solution. The same inventor (D. R. P. 92812) 
purifies carnallite by heating to about 205° and 
removing the fused carnallito by pre.sses from 
the residue. Further improvements are de- 
scribed in his D. R. PP. 98344, 99967, 109101. 

The Salzbergwerk Neustassfurt (D. B. P. 
138562) dissolves the carnallite in situ under- 
ground by means of tepid water, the solution 
being pumped up. 

Maurer (D. R. P. 166658) gives detailed 
prescriptions for the preparation of potassium 
chloride from the crude Stassfurt salts. 

Haag and Glienicke (D. R. P. 163413) fuse the 
carnallite out of the crude salts by electric heating. 

By-PEODtroTS op the Stasspuet i'Otash 

INDUSTEY. 

1. Kieserile. This insoluble body, 
MgSO^HaO, 

Avhich becomes soluble only by prolonged con- 


tact with water, when it passes oveiM)y an lutei- 
mediate stage into Epsom salts MgS 04,7110 > 
naturally left behind in the residues iroiu euw- 
Bolving crude carnallite and settling tho luiuoi. 
Most of it is lost in the shape of i>it heaps, tve. ; 
only then is it regularly recovered by tm’ 
potash manufactures, when they are obliged to 
get rid of their residues by washing away, be- 
cause in this case the law eompielB tlmni to 
retain the insoluble portions ; otherwise jueseiit.e 
is only prepared when there is special demand 
for it. Since it soon passes over into tire above- 
mentioned intermediate stage, it must bo nuuks 
from fresh residues, wliich is clone by subjecting 
them to a combined levigating and sifting pro- 
cess. A convenient apparatus for this xmrjioHO 
is shown on a scale of -b in Fig. 8, where g ih C' 
hopper containing tho residues, which rest on a 
grating ; the water i.ssuing from b prc.'cl.uccjH a 
muddy liquor, which meets the slanting nicvc c ; 
tho coarser portions run off at /, the liner ones 



Fig, 8. 


pass through ‘ '''lut d, where at 

first anhydrite . ■ ' . further on, at 

e, Ideserite is ■ . ! i . igotJuu’ with it 

little boracito, remains suspended till the hint, 
and is kept back in siiecial settling baHiuH, Of 
course, in lieu of the slanting shoot d, several 
settling troughs with overflows can bo ein- 
Xiloycd. 

Tho Ideserite must bo removed at short inttsr- 
vals and imt into iron or wooden mouldH, wlmre 
it solidifies after fifteen minuter, so far thal. the 
blocks can be taken out. The solkli(iea.iioii 
(which is a process similar to that oeeurriiig 
withgyiisum, a ohemioal comijination with watiu' 
taking jilace) proceeds with evolution of heat ; 
in a few day.s tho blocks, weighing J to i owt., 
are as hard as .stone, and can be sent out in 
this state -without being iiaeked in casks, liags, 
or tho like. After a lapse of time, however, 
they fall to powder by tlio attraction of atmo- 
spheric moisture and formation of KpHoni sal I.s. 

Tho quality of block kieserite natin’ully 
varies, according to tho more or less cai-eful 
separation from other matter.s ; a miuhnutn of 
.76 p.c. rr-ngncviu"- sulphate i.s,^ I'reipumUy 
5 iii.:r;ir!!v-i:o. \V! '.i! '.t is required in Gm ground 
state, it is first calcined in a rev'^irherato^y 
furnace. 
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Analyses op Kieseeite Blocks. 



Fresh 

j Oah.'iiicd 


a 

^ 1 

a 

b 

Magnesium .sul- 





phate 

60-20 

58-0 

81-5 

77-8 

Sodium chloride . 

1-55 

i 21 

2-1 

2-7 

Insoluble (anhy- 
drite, &o.) 

10 -63 

13.5 

1 

! 14-4 

17-0 

Water 

27-62 

20. -1 

1 2-0 

2-5 


The yield of block Ideserite is about 10 p.c- 
of the crude carnallite. With careful work it 
can be got up to 12 p.c., but thi.s is scarcely ever 
done, because at present only one-tenth of the 
residues is worked for it, the demand not being 
eq^ual to the supply. 

A small quantity of block Ideserite is con- 
verted into calcined hieserite, with a guaranteed 
mininium percentage of 70 p.c. MgSO,}, by 
calcining in ordinary reverberatory furnaces, 
grinding and paoldng in bags. 

The Gewerbsohaft Carlsfund (D. R. P. 
166187) obtains Ideserite from its mixture with 
common salt by digestion with more or less 
concentrated salt solutions. 

Applications of Heseriie. Mo.st of it is em- 
ployed for maldng Epsom salts, some of it for 
potassium sulphate. We mention the following 
attempts at utilising the substance in other 
ways. 

G. Glemm (in 1863) calcined the Ideserite, 
preferably mixed with coal, in the presence of 
steam, and carried the vapours into vitrol- 
chambers ; magnesia remains beliind (in a very 
impure state). By a similar process Precht (in 
1881) makes basic linings for the steel process. 
Several other inventors have tried to utilise 
cither the sulphuric acid or the magnesia, but 
hitherto not to any appreciable extent. 

The only extensive employment of Ideserite 
is that of converting it into Epsom salts, of 
which about 25,000 tons per annum are made in 
Germany, and a considerable quantity in Eng- 
land and in the United States. The process 
consists simply in causing the Ideserite to take 
up more water, preparing a solution, and allow- 
ing this to crystallise. Eormorly the process 
was promoted by calcining the Ideserite, after 
which it is at once soluble in water ; but this 
object can be equally attained by the prolonged 
apidication of steam, or, even more cheaply, by 
soaldng the crushed Ideserite with the mother- 
liquor from the Epsom salts, when it gradually 
passes over into the heptahydrated salt, wth 
great increase of bulk. A solution is now pre- 
pared by water and steam, of sp.gr. 1-31 to 1-325 
(tested hot and muddy). This is clarified in 
settlers, where it is kept about an hour ; the last 
particles of gypsum and clay, floating in the 
liquor, are removed by wood-lined filter-presses ; 

....... :f>. .1 - T , , .. (if necessary concentrated in 

■ „ ' leans of lead coils) is run into 

lead-lined icon or wooden crystallising vessels. 

After three or four days the crystallisation is 
fkasbed ; ^the crystals are all the finer the more 
concentrated the liquor had been, and they are 


at first jjracticaUy free from sodium chloride. 

■ ' ' ' the mother-liquor ir#erior 

ned ; the last liquor i.s rim to 

waste. 

The crystals of Epsom salts are in England 
merely drained by a centrifugal machine, turning 
out 2 tons per day, and the product, still con- 
taining 3 or 5 p.c. of moisture, is directly packed 
into casks ; in Germany the.y are dried in a room 
heated by exhaust steam, &c., at a temperature 
not exceeding 45°, the dry salt is passed through 
wooden rollers, leaving a space of inch, so that 
only the luraiis are crushed ; it then passes 
through a sieve, and from this into the casks. 

The favourite shape of Epsom salts is that of 
fine needles, of silk-liko lustre, which are most 
easily formed by moderately quick cooling of a 
concentrated solution. The coarser crystals are 
separated by sifting and re-dissolved, or sold as 
second quality. 

The principal application of Epsom salts was 
formerly the medicinal one, which, of course, did 
not amount to largo quantities. At firesont the 
greater portion of it is employed in finishing 
textile fabrics, especially calico. Other applica- 
tions (mostly only proposed or temporarily tried) 
are those for replacing the ‘ pearl-hardening ’ in 

'—^-sd with lime), for preparing 

^ . ■ . sulphate, for purifying beet- 

root sugar juice, for rendering fabrics fire-proof, 
for manufacturing sulphur trioxide, -in several 
soda-making processes, and so forth. 

2. Glauber’s salt Na2S04,10H20,_can be made 
by Balard’s process — that — ’• ' wixccl 
solution of sodium chloride . ■ sul- 
phate to a temperature - ■ , ■ ' the 

following reaction takes place : 
2NaCl-i-MgS04-i-10H20=MgCl2H-Na2S04,10H20. 
The Glauber’s salt crystallises out, magnesium 
chloride remaining in solution. At the mouth 
of the Rhone this is done by artificial cold j at 
Stassfurt it can he done without that during the 
winter months. The material is present in tlie 
residues from dissolving crude carnallite, the 
composition of which has been stated on page 342. 
Just the weathered residue which is no more 
adapted for the treatment for Ideserite, is most 
suitable for the above process, and from 50,000 
to 75,000 tons of Glauber’s salt might thus be 
made per annum ; but the quantity actually pro- 
duced is only about 10,000 tons, and varies very 
much according to the nature of the season. 

The residue is dissolved in various ways ; the 
longer it has been exposed to the weatbor, the 
more easily the solution takes place. Usually 
the residue heaps are lixiviated on the spot by 
means of hot water, the solution being caught in 
a trench made at the bottom of the heap. If 
the proportion is not =2NaCl to lMgS04, the 
composition of the liquor is corrected and its 
strength is brought up to about 1-209 at 33°. 
The solution is clarified by settling, and is ex- 
posed to the cold of a winter's night, always 
under the open sky. Ordinary coolers are not so 
well adapted to this purpose as large, shallow 
tanlrs, made of pine-wood planks, the joints 
being made tight by caulking with hemp and 
tar. These tanks are erected on wooden pillars, 
and are sometimes 100 by 100 feet square, and 
8 inches deep. During summer, when they are 
not used, they are kept filled with a solution of 
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common salt. In such shallow tanks the liquor 
is better cooled down during the night, 1 cubic 
metrO often yielding 150 to 180 kilos, of crystals. 
The mother-liquor is run off in the early morn- 
ing, before it can get warm again ; it shows the 
sp.gr. 1-205 to 1-225. 

3. Magnesium chloride Mg0l2,6H20, is ob- 
tained by evaporating the ‘ final mothor-li<iuor ’ 
in the same description of apparatus as described 
above for the treatment of oarnallite liquors, 
usually in pans with flame-pipes, to a b.p. of 167° 
which corresponds to sp.gr. 1-388 or 1-40 (taken 
hot), allowing to settle for an hour, and running 
into a cooler, whereupon the whole mass solidifies 
in a few days. It is broken into large pieces, 
winch are put into casks ; the empty space is 
filled up by a hot, strong solution of magnesium 
chloride, which on cooling, cements the whole 
into a solid mass. Sometimes the dry salt is 
melted for some time in a furnace, to expel some 
more water, but if this i.s driven too far, hydro- 
chloric acid escapes as well. This process is 
much dearer than the first, and there is not much 
gained by it. A colourless, glassy product is 
obtained by boiling down only to sp.gr. 1-44, 
oxidising the ferrous salts by adding potassium 
clilorate (of which alrout 3 kilos, is required for 
a charge of 40 cubic metres of concentrated 
solution), heating further until a b.p. of 157° has 
Imen reached, and prjjcipitating the iron by the 
addition of an excess of milk of lime (of which 
about 130 kilos. GaO will bo required for 40 cubic 
metros of liquor), and cooling down to about 
125°. The liquid is then run through the bung- 
hole into petroleum casks, in which it solidifies, 
and is sent out in this state. The analyses 
show : 

Boiled down to Boiled down to 
sp.gr. l'!J38 sp.gr, 1-44 
Magnesium chloride . 45-74 51-06 

Potassium chloride . 1-35 1-38 

Sodium chloride . 0-25 0-27 

Magnesium sulphate . 0-15 0-10 

Water . . . 52-51 47-20 

Since one ton of the product can be obtained 
from throe ,(or, with care, from 21) tons of 
crude carnallito, enormous quantities might he 
made at Stassfurt ; but actually only about 
12,000 to 16,000 tons arc made, and are princi- 
pally employed for dressing (luliricating) the 

■■ '■ ' ^ dico. A very large number of 

^ ■ ■ liave been proposed, in order 

to utilise cither the chlorine, or the magnesia, 
or both. We mention here the following appli- 
cations : as a di.sinfectant ; for precipitating 
waste soap-lycs ; for oarboni.sing wool ; for 
making patent fuel ; for magnesia cement ; ff)r 
preparing magnesia, principally as ‘ basic 
lining ’ in the manufacture of .steel ; for manu- 
fficturing barium chloride. 

Cnjstalliml magnesium chloride is made by 
evaporating only to sp.gr. 1-42 and pouring the 
liquor into casks, already containing blocks of 
]\'IgO] 2 crystals, between which it solidific.s. The 
crystal cakes contain about 43-0 p.e. MgCL, 
1-3 KCl, 1-2 NaCl, 3-4 MgSO,,, 51-1 HaO. 

Magnesia and hydrochloric acid is made from 
magnesium cliloride by two firms by nn-ans of 
.secret processes. Proliably the, MgGlj is first 
converted into oxyclilorido, and this is then 
heated by gases containing a large quantity of 
steam. 


Magnesia alone is made from magno.sium 
chloride liquor by means of lime, in two stages, 

powder and removing the precipitate ; second, 
adding more lime to decompose the MgCL into 
MgO and Ca 0 l 2 ._ 

4. Bromine is largely made from the final 
mother-liquor of the Stassfurt works, which con- 
tains about 0-26 or 0-29 p.c. of it in the state of 
MgBrg ; c/. the article Bromine. 

Part of the MgBi'a is converted into the iron 
compound FcaBr^ and sent out in this state to 
the bromine works, or into the bromides of 
potassium, sodium, and ammonium. 

5. Boraeie aeid is made from boracite or 
stassfurtito, 2 Mg 3 Bj,Oi 5 ,MgCl 2 , of which about 
300 tons per annum is obtained at Stassfurt. It 
is di.ssolved in concentrated hot hydrocliloric acid ; 
the clarified solution is run into wooden coolers, 
lined with lead, where boric acid crystallises out. 
The crude acid is purified by washing or recrys- 
taUing. 100 parts of commercial boracite yield 
about 82 to 85 parts of crystallised boracic acid 
H 3 BO 3 , which is partly sold as such, and partly 
converted into the sodium salt, Itnown in trade as 
borax {q.v.), 

0. Potassic manures {artificial fertilisers) 
are made from all the by-products of the Stass- 
furt manufacturer, s, as well as from minerals 
specially got for this purpose, especially kainite. 
The manufacturing operations consist merely in 
grinding, drying, oalcining, and effecting a 
proper mixture to bring the product up to the 
guariinteed percentage' of potash. Potassium 
sulphate is much better for this purpose than 
chloride, and magnesium chloride in the free 
state is absolutely injurious to vegetable life. 
Henoo kainite and schoenite (c/. Potassium 
sulphate) are most usually employed as manures ; 
but low-grade potassium chloride is also fre- 
quently sold for this purpose (v. Furtimsebs). 

Potassium chloride Jr om. ■’ '■ 

the manufacture of sea-salt. '\ ' ■ 

- n ... -. n anufacturo of 

, ■ in the ‘ salt 

■ ■■ ■ ; , ■ ■ It has, how- 

ever, been worked out to great perfection in at 
least one locality, at Giraud-en-Camargue, at the 
mouth f)f the Rhone, originally by Balard, later 
on by Merle and Pechinoy. Dosoriptions of this 
industry have l)oen given by Wurtz (Hofmann’s 
Borioht fiber die Wiener Ausstellimg, 1875, [ 1 ] 
410) and Lunge (Ghomischo Industrie, 1883, 
225). Wo quote hero only those portions 
referring specially to potassium chloride. 

From each cubic metre of sea-water, after 
detaining the salt, 64 litres of motlier-liquor, 
testing 27°B6., remains behinrl. This mother- 
liquor is concentrated by solar heat to 32J°B6. ; 
the salt - ■ ' '' ■' -g this operation is 

of inferi( ■ ... - ■ p.c. NaCl), and is 

nf)t util: ■ ■ ■ . But on furtht^r 

evaporating, by solar heat, from 32-5'° to 
35'’’ B 6 ., a mixture of sodium chloride Avith nearly 
its equivalent of magne.sinm sulphate is sepa- 
rated, which is known as ‘ sels mixtes,’ and is 
worked up in various ways, e.speeially for 
Glauber’s salts, by artificial c.old {jy 348). 'The 
liquor of 85° He. is kept during the wintc-r in 
very ] i rrr- r: r - 1 d ■■ -p tjuiks, Avhero the tc.f iperatnse 
is p"eve;i;';:! falling below ]2°G. ; in this 
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case only Epsom salt crystallises out, but no 
cariiallite. Tbe new mother-lif^uor, testin,^ 
33 °Be., of which 16 litres per cubic metre of sea- 
water has remained, is further evaporated by 
artificial heat in a Porion’s furnace until it shows 
37°Be., tested hot. On the otlier hand, magnesium 
chloride solution, obtained at a later stage as a 
bv-product, is evaporated in ordinary open pans 
to dO^Be. Both hot liquors are run at the same 
time into an iron mixing-pan, taking^ carc^^ to 

maintain an exce ' ' ""’dc-^^ This 

causes at once a ■ ' ' 

mixtes ’ {cj. above), which are removed by a 
dredging apparatus. The hot liquor remaining 
behind stUl contains all the potassium^ salt ; 
tills is, however, separated on cooling in the 
form of artificial carnallite. Giving to the presence 
of so much magnesium chloride, most of which 
is left in the cooled-down mother -liquor. This 
artificial carnallite, being in the state of fine 
mud, is easily decomposed by agitation with cold 
water, when magnesium chloride enters into 
solution and potassium chloride is left behind in 
the solid state. By systematic washing the 
latter can be brought up to 82 p.c. KOI. 

Interesting and ingenious as this process is 
(in reality it is much more complicated than 
would appear from the preceding short descrip- 
tion). it cannot very well compete with the 
Stassfiirt industry, based as this is upon the 
natural accumulation of similar products through 
thousands of years. Hence Balard’s process has 
not made its way elsewhere, and is not likely to 
do so. 

Potassnm chloride from Jcelp. In the manu- 
facture of iodine from kelp — that is, the ashes of 
sea-weed — as obtained on the coasts of Scotland 
and Normandy, alarge quantity of potassium salt-s 
is obtained, which, previously to the worldng of 
the Stassfurt deposits, was one of the principal 
sources of tnese salts for technical purposes. The 
liquor obtained by lixiviating the kelp is concen- 
trated by evaporation in several stages, and thus 
yields several crops of crystals. The first crop, 

‘ ‘ a mixture of potassium 

ip ■ ■ ■ sulphate and common 

salt; the mother-liquor ’ ^ 1 . " ■ 

tion while hot, a mixtr ■ ■ 

alkaline sulphates and carbonates, which is fished 
out from the pans and sold as ‘ kelp salt ’ ; on 
cooling, a crop of potassium chloride is obtained. 
The latter can be brought up to upwards of 90 
p.c., and formerly about 2500 or 3000 tons of 
it was made per annum ; but the development of 
the Stassfurt industry has mostly compelled the 
iodine manufacturers to give up the separation 
of the potassium salts in the pure state, and to 
utilise the rough mixture of those salts for 
agricultural purposes. 

Potassmm chloride from beet-root vimsse. 
This product, which always contains potassium 
sulphate and foreign salts, is described further 
on, under Potash from beet-root vinasse. 

Potassium bromide KBr can be made in 
various ways, always starting from the bromine, 
obtained in America, in Scotland, or at Stassfurt. 
Only two of these processes have come into 
practical usj^ 

The first consists in dissolving bromine in a 
soihxtiou ol^otassium hydroxide, which ought to 
be as pure as possible, evaporating the sohxtion. 


ultimately with addition of a little charcoal, and 
igniting the mixture. At first the reaction is as 
foUows : GK0H+GBr=5KBr-l-KBr0,,+3^;l„O- 
On igniting, the charcoal reduce.s the bromate t<> 
bromide. The mass is dissolved in water, filtered , 
and the potassium bromide obtained by evapora - 
tion and crystallisation. 

This process suffers from the drawback that 
the mass decrepitates strongly on drying, and 
further losses through volatilisation, &c., cannot 
be avoided. Hence another process is almost 
exclusively employed now, similar to that used 
for potassium iodide. An iron bromide is first 
prepared, and this is decompejsed by potassium 
carbonate. Some iron bromide is obtained in 
the manufacture of bromine, the vapours being 
absorbed by metallic iron, but most of it is made 
by mixing bromine and iron in such proportions 
that the compound EesBr;, is obtained (c/. Potas- 
sium iodide). The solution of this bromide is 
filtered, and is run into a hot concentrated solu- 
tion of potassium carbonate, until the reaction is 
exactly neutral or very faintly alkaline. 100 
parts of iron bromide require from 56 to GO part.s 
of potassium carbonate, according to it.s purity. 
The solution is boiled for some time, to make 
the precipitate of hydrated iron oxides more 
dense ; it is then separated from the latter Gy 
a filter or filter pros.s, and is ' ■■ 

dryness. The re.sidue is dissolve ' ‘ ; i ■' 

behind the difficultly soluble potassium sul- 
phate, &c., and is evaporated for crystallisation. 
Up to sp.gr. 1"53 this can bo done at a boiling 
heat ; the further evaporation should be done at 
a gentle heat, as with the iodide, to obtain hard 
crystals. The crystallisation takes place in stone- 
ware or enamelled iron dishes. The motlxer- 
liquor can be freed from carbonate by cautious 
neutralisation with hydrobromic acid, and from 
sulphate by means of barium bromide. Any 
cliloride present cannot very well be removed 
from the bromide ; hence the bromine era-[)loyed 
should bo as free from chlorine as is required. 
Iodide can be removed by boiling with bromine. 
The last mother-liquors are best used up for the 
recovery of bromine. The German Pharmacopoeia 
permits the presence of 2 p.c. KCl and Od p.c. 
K2CO3 in potassium bromide. 

The -drying of the potassium l)romide takes 
plaee at 40° or 50°C., not above (to avoid dt'crcpi- 
tation), on plates of stoneware or of sheet-iron 
covered with a very hard lacquer or with enamel. 

The German manufacture of potassium 
bromide amounts to about 120 tons per annum, 
half of which is made at Schoring’s works at 
Berlin. A similar or larger q uantity is made in 
America, and much more coxxld be obtained if 
there were demand for it. 

mi.. pota.ssium bromide is 

■ ' ■ . ■ and photography. 

Potassium iodide KI. There are many ways 
for preparing this salt, but only the following 
processes are used for manufacturing purposes. 

1. By , - r 1 , • - - • • 

actionis, h'', , ' i h ■> :: i The 

p' ^ ' ■ ■■■"■■ ■ "ields up its oxygen 

a: ■ ' ■ ■ ■ ■ . ■ , but as losses are 

eaxused by decrepitation and volatilisation, it is 
preferred to add some carbon in order to redxxeo 
the iodate. 

The potassium hydroxide ought to be as 
pure as possible ; most of the impurities of the 
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comtnorcial product would enter into the iodide, 
and could not bo removed from it by crystallisa- 
tion,^^ wing to the great soluljility of the iodide. 
Hence it is preferable to start with the purest pro- 
curable potassium carbonate such as is supplied 
in the crystallised form to flint-glass makers, or 
that made by calcining potassium bicarbonate. 
The carbonate is cauaticised in the usual manner, 
employing pure lime, and iodine is introduced 
in small quantities ! i . ' ■ ibel) 'llin f I'ci.-jr until it 
has been exactly • c;.!; r di-.-ib i'! c .-i.lution is 

evaporated to dryness, adding to it in the syrupy 
state some lampblack or charcoal, previously 
treated with hydrochloric acid and thoroughly 
washed with water, to the amount of rjg of the 
iodine present. The dry mass is gradually in- 
troduced into an iron pot, heated to redness, 
where it is brought to fusion, keeping the pot 
covered in order to prevent the iodide from vola- 
tilising. When completely fused, the mass is 
ladled out and is dissolved in water ; the solution 
is filtered and is evaporated to about U82, when 
it crystallises on cooling. The evaporation is 
best performed by heating the solution in porce- 
lain dishes on a sand bath, but ^ -I ^ : ’■ ■ '’■■■ ' . 

the more concentrated liquors ■ ■■ ■ : ■ ' ■ 

the fire-end. A hood protec ■ s ;■ ■ 

dust, draught, &o. In tms way very good crystals 
are obtained. 

The crystals, after draining, are dried on 
enamelled or lacquered. iron plates in a current 
of hot air. If the salt is required to have an 
opaque appearance, ' the temperature is ulti- 
mately raised to 120° or 130°0. 

2. Bi/ means of iron, A solution of ferrous 
iodide is prepared by digesting 3 parts of iodine 
with 1 part of iron borings and about 8 of water. 
The solution is filtered and one-third of the 
original quantity of iodine is dissolved in it with 
the aid of heat, so that it now contains a forroso- 
ferric iodide, Fogls. This solution is now mixed 
in a porcelain or enamelled iron vessel with a 
boiling solution of pure potassium carbonate, 
and the boiling is continued until the precipitate 
of forroso-ferric oxide has become dense, where- 
upon it is separated from the solution of potas- 
sium iodide by filtration. The reaction is : 

Fe3lH+4k2C03=8KI+Fe304-f4C02. 

The following modification, by Liebig, dis- 
penses with the slow solution of iodine in ferrous 
iodide, and the troublesome frothing in the last 
reaction, owing to the escape of carbon dioxide, 
A solution is made of 12 parts iodine, 3 iron, 
and 32 water ; to this is added, without previous 
filtr.ation, a solution of 0 parts iodine in 12 parts 
caustic potash liquor of sp.gr. 1-84.’), and ulti- 
mately 9 parts of the same caustic liquor. The 
mixture is Itoiled for some time, filtered, evapo- 
rated to dryness, whereby a little ferric hydroxide 
is .separated, re-dissolved, filtered and brought to 
crystallisation as above. The product is ex- 
tremely pure, free from iodate, and the yield 
almost theoretical. 

3. By means of ewprous iodide. Sometimes 
consirlerablo quantities of cuprous iodide,^ con- 
taining from 60 to 66 p.c. of iodine, are shipped 
from Peru. This is converted into potassium 


iodide by washing it, sua])endmg it in water 
acidified with a little sulphuric acid, passing 
In .■.ilo’.i.c i.d.b;;! lre"on until all the copper has 
bo( !! iprcvi:;:;.".:';--.:, u i.iii;.; enough solution of 
to destroy the excess 


of HgS, separating the solution of hydriodic acid 
(containing a little finely-divided sulphur) from 
the preeipita-' -. y'T-. - potassium 

bicarbonate, . , ■ ■ • ■ . ■ sulphur 

which has now become globular, and bringing to 
crystallisation. 

Nearly aU the potassium iodide manufactured 
is employed in medicine and for photographical 
purposes. For the former purpose it i,s required 
to be entirely free from cliloride. 

Potassium sulphate K2SO4 is obtained as a 
by-product in several manufactures which are 
described elsewhere ; thus, in the working up 
of beet-root vinasse (c/. Potassium carbonate, 
p. 368), and in that of kelp, where it is separated 
as ‘ plate sulphate,’ containing from 76-83 p.c. 
K2SO4, with 9-21 p.c. Na2S04, some KCl and 
other salts (p. 360). It is also contained in 
the ashes of plants, and hence is present in com- 
mercial potashes; on purifyiii.T ilc^c it is 
obtained as a by-product, c:; -fiy : ( from 

the carbonate on account of uhe grear diiierence 
in solubility. 

The bulk of the potassium sulphate found in 
trade is, however, made either from kainite,.or 
by the decomposition of potassium chloride with 
sulphuric acid. 

Very large quantities of potassium sulphate 
are found at Stassfurt and Kalusz • not, how- 
ever, in the isolated form, but principally in that 
of hainite KgSOijMgSOj.MgClajGHgO, always 
mixed with sodium chloride, calcium sulphate, 
&c., so that commercial kainite contains at 
most 70 p.c. of the pure mineral. A very large 
number of processes have been invented for pre- 
paring potassium sulphate, either from kainite 
or from mixtures of magnesium sulphate (in the 
shape of kiescrite) and potassium chloride or 
carnallite. In moat cases an intermediate pro- 

ductiBmade,the' ' ■■ ■' j - ■>,.1 i ._ 

K c!n..TVr,vQn. «T- 1 1. i 

i ■ ' ■ j ■ i ■■ minerals, and has received 

the name of ‘ ’ or ‘artificial 

schoenite.’ From ; ■ sulphate is 

prepared with comparative facility, but at 
present it hardly pays to do so, at least in 
a sufficiently pure state for the manufacture of 
potassium carbonate ; hence nearly all the latter 
is made from sulphate, obtained, with potassium 
chloride and su]])huric acid {v. infra), or from 
vinasse, while the schoenite is sold as a fertiliser. 

We give here a short synopsis of the more 
iiiiport.ant processes, which are described in 
detail in PfeilTer’s Kali-Industrio (Braun- 
schweig, 1887), p. 349 ct sag. The figures put in 
brackets are the numbers of the Gorman patents. 

I. Preparation of artificial schoenite. (IcJi- 
wamesia) from hainite.. Borsche and Briinjes 
(H.' It. PP. 1 0642, 1 1028, 10701,12876, 17796) pre- 
pare a cold saturated solution of kainite and cm- 
I)ioy this for extracting fresh kainite at a tempe- 
rature of 80°. The solution, which shows the 
sp.gr. 1-337, is clarified, and on cooling yields 
a crop of schoenite, ; the mother-liquors, which 
are rie:. n;.- ’e ■■ nd -odium and potas- 
sium i 1' !i-. diy (e.'cr into the manu- 

factur-..' p-..;, from carnallite. 

This process' is actually at work on a largo scale. 

Dupr6 aiifl Hake (D. R. P. 6063) j^eat finely- 
ground kainite with a Cf)ld saturated solution of 
magnesium sulphate, at 20° or 25°G, ; fins earr^s 
away magnesium and sodium chloride, together 
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with one-third of the potash, two-thirds of the 

’ ” ■--■■ 1 - behind as schoenite. The dis- 

recovered. 

inis process is ' ■ on a very 

large scale; the employment of magnesium 
sulphate makes it rather more expensive than 
the preceding one. 

H. and R. Griineberg (D. E. PE. 10754, 18947) 
extract the kainite by a hot solution of schoenite 
or of sodium chloride ; on cooling schoenite 
crystallises out. 

Precht (U. R. PP. 10637, 13421, 19466) treats 
kainite with water or previous liquors at 120°- 
145°, under a steam-pressure of 2-7 atmospheres, 
with mechanical stirring, in a very ingeniously- 
constructed apparatus, which permits a mechani- 
cal separation of the double salt formed from the 
solution and from the residual rock-salt. The 
double salt formed in this way has the formula 

iao..oT''r.vQn.,TT o. and is converted into 
with a small quantity of 
water. This process is also at work on a largo 

scale. T\ Tj T> 

Similar processes are those of Loefasz (D. E. P. 
29223) and Nahnsen (D. E. PP. 10772, 24744). 

Dupre (D. R. P. 53237) works up mixtures of 
kainite and sylvinite (75KCl+25NaCl)_ by treat- 
ing them with a hot solution of kainite, when 

almost pure KaSOijMgSO^jOH. ^ 

The same inventor (D. R. P. ■' ^ ■ ■ 

monia gas into a solution of kainite, separates 
the precipitated Mg( 0 H) 2 ) and again treats mth 
ammonia, whereupon the whole of the potassium, 
in the case of pure kainite, crystallises out as 
KjSO^, or, if NaCl is present, as pure potassium- 
sodium sulphate, K 3 Na(S 04 ) 2 . The ammonia is 
recovered from the last liquor by treating it with 
' ’ ■ obtained. 

: ■ ... Alkali Works (D. R. P. 

■ I',.- . ainite with the last mother- 

liquor from the manufacture of potassium 
chloride, containing 30 p.c. MgCL, thus producing 
various salts. 

The schoenite thus obtained, which is entirely 
used for agricultural purposes, has the following 
average composition : 


Potassium sulphate . 
Magnesium sulphate . 

Water .... 

Sodium chloride 

Gypsum and insoluble matter 


48-52 p.c. 
32-36 „ 
3-12 „ 
1-5 „ 

0-2-5 „ 


Several processes for preparing schoenite 
from potassium chloride or carnaUito and 
kieserite (Briinjes, D. R. P. 11 ; Berber, D. R. P. 
5068 ; Griineberg, D. R. P. 5607 ; Westeregeln, 
D. R. P. 27404) need not be described here, 
because they do not seem to be profitable. The 
principal reaction taldng place is 

2MgSO4-l-2KCl=K2SO4,MgSO,i-l-Mg0l2; 

or better 

4MgS04-f-6KCl=2K2S04,MgS04+2KCl,MgC]2. 

Special processes for recovering schoenite 
from waste liquors are those of R. Griineberg 
(D. R. P. 10753), Bernhardi (D. R; PP. 10821, 
12493), Vorster .and Griineberg (D. R. P. 28772). 

It is now a fixed rule of trade that ‘ crystal- 
lised ’ -■ , ■■ sulphate is to con- 
tain ■ ■ ■ ' ‘ned,’ 48 or 50 p.c. 

real ^ ^ . 

f>,2. Kuli^erschky (D. R. P. appl. K. 29803) 
makes use of the fact that a solution of mag- 


[ nesium sulphate (kieserite), when appropriately 
diluted by water or KCl solution, on adilition 
of solid KCl, at a temperature oi 25°, docP not 
yield schoenite, but at once a pr(j(!ipiiato of pota.s- 
sium sulphate. 

Saeger (D. R. P. 196500) deaenbes a prtjcess for 
obtaining potassium sulphate from the mother.. 
liquors of the manufacture of potassium chloride*. 

3. Pre'paration of potassium sulphate from 
schoenite. This can be done by simply running 
a saturated hot solution of sclujcnite upon dry 
powdered potassium chloride. Tlie reaction 
theoretically is : — 

K,S04,MgS04+3KCl=2K2S04+K(!l,Mg(;i.., 
but practically twice the theoretical quantity ol 
schoenite must be taken, half of which remains 
in solution. The potassium chlori(lo is rapidly 
changed into sulphate, and this i.s separated 
from the liquor by centrifugal force, taking care 
that the temperature does not fall beh)W 49' . 
Below this temperature, fir.st potaasiuiu chloride, 
then schoenite, and at last carnallitcg crystallise 
out. The reaction can also be brought about 
by digesting cry.stallised schoenite, with a cold 
saturated solutio" " ' ’’ -ide, best of 

all in a set of ' . ' ■ _ * combined 

with one another ^Erecjru, D. R. i’._ 14534). 

Schoenite, or a mixture of iKitassium chloride, 
and magnesium sulphate, can also las converled 
into potassium sulphate by heat. Superheated 
steam (Sprongor, D. R. P. 27965) iiets only very 
partially, but the addition of carbon (in the 
shape of small coal, brown coal, &(!.) (iau.se.s tin; 
reaction to proceed to its end by Hf)mcwhat com- 
' 1 .' 'P'-’'.D.R.P.]5747;,heopold- 

■ ■ ■ , 1) 1. P. 31J4K). Townsend 

(D. R. PP. 10641, 29307) hi*a(,H a mixtims of 
potassium chloride, magnesium sulphate, and alu 
minium silicate in a muffle furnace in the pr<!H(tnee 
of steam. This method has laam furtluir workerl 
out by the Asoherslebonor Work, in 1HH5, and 
seems to bo successful. Hans Miiller ignite.s t he 
mixture of KCl and MgBO^ with fcwih: osirh; 
(D. R. P. 32326). Dupre and 1 lake, produe.i;, by 
means of lime or gypsum, a double sulphate «tf 
potassium and calcium, which is decompoHed by- 
igniting or by redissolving (D, R, P, 8021). 

Nearly aU the potassium sulphat.e made from 
schoenite, &c., is used ." ■ 

In aU processes for ■ . . 

magnesium sulphate (schoonitcO or jxita.s.'^ium 
sulphate, a great deal of trouble i.s (auiscd i»y 
the largo quantity of mother-liqwir and the ItmH 
of potassium cliloride from that causts. \Vlmii 
this mother-liquor is boiled down, various salts 
are obtained which must bo utili.scd a** best 
possible, usually in the .shaf ic of fertilisei-: . 
Bnibidium alum is also obtained from such 
mother-liquors. 

4. Preparation of potassium sulphatr. hy ih - 
composing potassium chloriiln vdth sttlphiirir 
acid. This process, altogether unalogou.s to thf; 
first stage of the Lcblano soda, fjroces.H, wan lircf. 
carried out by Messrs. Vor.stor and tiriinclicn' 
in 1863, near Cologne, and in IHfiH at iSla,s; furf . 
About the same time (1864-186!)) it wn.s infto- 
duced in North Germany, France, and Mnglajid. 
This way of producing iHiiaHKimti Kidjihafe i.i 
nearly always emydoyed when tin* jirodimt ha < 
to be converted into carbonali*. 

The raw materials are (I) pota.«.sium cldoride 
of Ixigh strength of the Sta,ssfm-t mauufaef.ure, or, 
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as far as it goes, that from the ■working up of 
vinasse which already contains from 8 to 12 p.c. 
uf%ulphato, together with a little carbonate (p. 
358). Coarse-grained m-efern-.l to muddy 
or lumpy salt. (2) .Sidple.; r.eiu c; ^p.gr. 1-67, 
generally made at the same works. I'his is a 
lower strength than that preferred for decom- 
posing sodium chloride, where the reaction is 
not so violent. 

' d " = '■.)■ of potassium chloride is 

t so ; , . i of sodium chloride that 

wo can refer in most respects to the article 
j Sodium salts. The furnaces, acid-conden- 
r sers, &o., are the same in both cases. We 

■ must, howeve". — ^ ; ’ : n- 

1 cerning some ■ , -y, 

I _ irhe ‘ decomposing pans ’ (pots) are exactly 

s similar to those used for common salt, so are 
the furnaces, of which aU three descriptions, as 
’ employed for common salt, are in use here as 
well. But whilst in the case of sodium chloride 
^ the ‘close,’ or muflfie furnaces are considered 
the best, owing to the better condensation of 
hydrochloric acid, many potash manufacturers 

I prefer ‘ open ’ — that is, f , - ■. . 

a higher temperature bi '■ ’■ , 

posing potassium sulph . v ■ . . ■ 

done much more quick , _ ■ . . . ■ ■ 

doubtcdly the best furnace for this work is Mac- 
tear’s continuous revoMng furnace as used at 
Kalk near Cologne. 

s The ordinary decomposing pans, which in 

i England produce from 1500 to 2000 tons of salt 

^ cake before they are worn out, serve only for half 
or’ ' '■'/ with potassium chlor- 

! ide. ■■ „ employ thin pans, 2J 

» • ins. thick throughout, which last only for 250- 
500 tons of potassium sulphate. Bliigel’s fire- 
brick pans (D. R. P. 4207) do not seem to have 
* . answered. 

The charges are from 5 to 10 cwt. of potas- 
sium chloride, and the corresponding quantity 
of sulphuric acid, which must be varied accord- 
ing to the varying strength of the chloride. The 
chloride coming from the vinasse works contains 
carbonate, which must be taken in account. 
With muffle furnaces the work is considered 
sufficiently good if 1 to 2 p.c. KCl and 2 to 3 p.c. 

‘ free ’ SO3 is left in the sulphate. Each charge 
takes about an hour to finish. 

With reverberatory furnaces the undecom* 
posed KCU is only 0-6 to 1-5 p.c . ; the ‘ free ’ SO3 
1 to 2 p.c. 

f With Mactear’s furnace the Kalk works pro- 

duce from 22^ to 25 tons of potassium sulphate 
in 24 hours ; "the product contains only 0*7 to 
TO p.c. KCl, and as much free SO 3 (that is, 
})isulphate). The condensation of the hydro- 
5* clilorio acid is very good, 95 p.c. of the theoreti- 
cal quantity being recovered. 

^ Theoretically 100 parts KjSO^ require 85-6 

f of pure KCl (corresponding to a yield of 116-8 of 
the farmer from 100 KCl), and 45-91 of S03= 
75-27 acid of sp.gr. 1-67 ; and the HCl escaping 
should be 41-84 parts =138 parts hydrochloric 
acid of 32 1 p.c. Practically with hand-furnaces 
f 3-5 to 5 -p.c., with mechanical furnaces 1 p.c,, 
excess of sulirhuric acid must be taken, or even 
more, if a minimum of undecomposed KCl has 
to be guaranteed. 

The yield of sulphate is almost equal to 
theory, the small unavoidable loss being «made 
, VoL. IV.— T. 


up by matter mechanically taken up from the 
furnace, flue-dust,' &o. The quality has been 
mentioned above. 

'fhe foUo'wing is an analysis of good com- 
mercial sulphate made from 98 p.c. potassium 
chloride : 

K2SO4 . 95-00 p.c. SO4H2 . . 1-84 p.c. 

NaaSO^. 0-50 „ CaO,Al2O3,Pe2O3 0-81 „ 

KCl . 1-60 „ Insoluble . . 0-35 „ 

The yield of hydrochloric acid is usually only i 

70-75 p.c. of the theoretical one with rever- 
beratory furnaces, 90 p.c. and upwards with ^ 

muffle furnaces or the Jones and Walsh furnace, | 

95 p.c. with Mactear’s continuous furnace. | 

The wages per ton of sulphate are from 6-5 | 

to 7-2 marks (including the condensation of 
hydrochloric acid) for hand furnaces, but only 
one-half o,r even less for Mactear’s furnace. 

The fuel used amounts to 9 cwt. of good 
Westphalian coal -with muffle furnaces, or 4-5 
cwt. coke and 3 cwt. coal for reverberatory fur- 
naces. With Mactear furnaces there is no 
saving of fuel, since it is necessary to provide 
steam for the engine turning the furnace. 

Potassium aluminium sulphate {Potash alum) 

{cf. Alum). 

Potassium carbonate. Impure potassium 
carbonate, commercial ‘ pot-ashes,’ has been 
known from very ancient times. Aristotle men- 
tions its preparation by the incineration of 
rushes, Dioscorides by that of argol. Kunkel, 
in the seventeenth century of our era, proved 
the identity of these two products. The 
Romans employed them in medicine and for 
soap-maldng ; the latter is even now the most 
important outlet for that article, as soft soap 
cannot be made with soda. Other-wise soda 
tends more and more to displace the more ex- 
pensive potash, and has done so in the manu- 
facture of hard soap, in that of glass (partially 
even in that of flint glass and Bohemian crystal), 
and more recently, to some extent, even in some 
manufactures which formerly seemed to be only 
possible with the use of potash, as that of 
chromates, chlorates, and ferrocyanides. In the 
manufacture of oxalic acid from sawdust caustic 
potash is also considered indispensable. 

Leaving aside such methods as cannot be 
classed among manufacturing processes (such 
as the incineration of argol or -wine-lees) with 
or without potassium nitrate, we may enumer- 
ate the folio-wing commercial sources of potas- 
sium carbonate : — 

1. Mineral, {a) From potassium chloride and 
sulphate by Leblanc’s or other processes. 

(h) From felspar and other rocks containing 
potash. 

2. VegetaUe. (a) From wood ashes. 

(6) From beet-root molasses (-vinasse). 

(c) From kelp or varec (very unimportant). 

3. Animal. From the ‘ suint ’ of shgep’s 
wool. 

Potassium carbonate {or caustic 'potash) 
manufactured from the chloride or sulphate. 

All processes starting from this base are of very 
recent date, and only that imitating the Leblanc 
soda process has acquired great importance. In 
1861 Messrs. Vorster and Griineberg, of Kalk, 
near Cologne, commenced workiL> up potassium 
sulphate (which at that period wa|j.a by-product 
in working up -vinasse cinder, less valuable than 
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chloride, and difficult to get rid of) by f the 
Leblanc process, and this industry has gradually 
spread over other parts of Germany, which is 
the principal scat of that industry. In England 
the Leblanc process seems to have been attemp- 
ted with potash about 1863 or 1864, but it was 
only somewhat later employed for maldng com- 
mercial carbonate, and has not gained any great 
extension there. In France it was introduced in 
1873, at Croix, near Ldle, and at other worlrs in 
the North. 

We shall now enumerate the principal pro- 
cesses for manufacturing potassium carbonate 
from chloride or sulphate, omitting those 
which have been originally proposed for soda 
without special ad-spt’dior ■1;*> potash. 

(1) From d'oti'i., fussing through 

sulphate. The ammonia process, which is of 
such importance for the manufacture of soda, is 
not applicable to potash, because the solubility 
of potassium bicarbonate is too great. An 
attempt to overcome this by working in an 
alcoholic solution, by Grousilliers (D. R. P. 
10552), was entirely unsuccessful. 

A very ingenious process is that of Ortlieb 
(D. R. PP. 570^6, 9376, 13397), replacing ammonia 
by trimethylamine, which is obtained by a certain 
treatment of beet-root vinasse (c/. below). The 
great solubility of trimethylamine hydrochloride 
admits of separating the potassium bicarbonate ; 
cold, pressure and agitation promote this object. 
The reaction is : — 

KCH-N(CH3)3+C02+H20 

=:KHC03-1-N(GH3)3,H01. 

The limited supply of the reagent, its high 

price, its extremely ^ are draw- 

baclrs to this process , • . ■ seems to 

have worked well in the experimental factory at 
Croix, where it was, however, given up after a 
short time. 

E I ’ !’■ orocess (D. R. P. 

152'' : ■. ‘ ■ . Di- natural mag- 

nes ' : . n chloride, and 

passing in carbon dioxide under pressure, when a 
double carbonate of potassium and magnesium 
is precipitated, which can be decomposed into 
the single salts by heating or dissolving in 
water : 

3MgC03+2KCl-kC02+H20 

=2MgG03,KHC03-f-MgCl3. 

The recovery of magnesia from the chloride 
would have presented difficulties, but there must 
have been others as well, for the works started 
at Stassfurt were soon stopped. Delsol (D. R. P. 
39903) patented an addition to Engel’s process. 

The magnesia-potash process has been 
worked out more succes,sfully in another shape, 
principally by Precht, and is now carried out 
on a large scale. This process starts from the 
fact thr ' ‘ 1 ■ ' 1 magnesium carbonate, 

treated ' - ■ . ■ »2, forms MgOlg and solid 

so-n-iir , and that the latter can be 
' f ' -:i i-.i.o solid magnesium carbonate and 
a solution of potassium carbonate. The first 
and princi]3al part of the process is represented 
by the equation : 

3(MgC03,3H„0)-l-2KCl+C02 
Solid. nn=. 

■ ■>)+MgC]3 

sona. Liquid. 

I.»ne-Idln%ases (30-35 p.c. COg) are passed 


into a solution, saturated at 20°, of strong potas- 
sium chloride (95-97 p.c.), made into a paste 
with tri-hydrated magnesium carbonate with 
application of a scries of vessels and mechanical 
agitation. The solid double salt formed is 
separated by suction from the mother-liquor, 
and is washed with a solution of MgCOg, until it 
contains no more than Od or 0-2 p.c. Cl._ The 
mother-liquor. ^ - ja^ge quantity of 

MgCOg and . .in various ways. 

The solid potassium magnesium carbonate is 
U. R. P. 50786 of the 
- : . ■ . which consists in 

heating it under pressure in agitating boilers to 
140°, which produces the reaction : 
2(MgC03,KHC03,4H20) 

Solid. ^ 

=2MgC034-K2C03-l-9H20-l-C02 
Solid. Liquid. OaH. 

The MgCOs formed is anhydrous and reacts too 
slowly to be re-employed in the first stage ; it 
is either sold as such or converted iirto anhydrous 
MgO by calcining. Modifications are described 
in D. R. PP. 55182, 125987, 143408, 143595, 
143409, 141408, 141408, 143594, 144742, 165007, 
172313. 

According to D. R. P. 143409, the potassium 
magnesium carbonate is decomposed by water 
at 80°, yielding K2CO3 and a crystalline form of 
MgC03,3H20, which is used over again. 

A tliird process is described in D. R. P. 
172313. The potassium-magnesium carbonate, 
stirred up in water, is decomposed at 40° by 
magnesia (hydrated or anhydrous), yielding 
.solid MgC03,3H20 and a solution of K2GO3. _ 

Sometimes the first process i.s combined with 
the second or third, commencing the decomposi- 
tion by the latter and finishing it by the first. 
Another modification is described in D. R. P. 
135329 of the Deutsche Solvaywerke, 157354, 
188504. 

In 1885, Porsche and Brfinjes patented the 
production of carbonate from chloride or sul- 
phate by means of ammonium-magnesium car- 
bonate and carbon dioxide. 

Wittjeii and Cuno (D. R. P. 19197) employ 

zinc --- i'.": of magnesium compounds 

f or a ■ • ; , ■ . 

Scheele’s process, treating an alkaline chloride 
with litharge, has been repeatedly attempted with- 
out iJractical success. It has been applied to 
potash by the Soci6t6 anonyme Lorraine indus- 
trieUe (D. R. P. 23701), and by D. 0- Knab. 

Gilchrist Thomas (D, R. P. 30209) treats 
alkaline chlorides in the shape of blocks in a 
heated converter with pig iron, containing little 
carbon, but upAvards of 4 p.c, silicon, in a 
stream of hot air and superheated steam. 

F7-. proposed precipitating 

acid, and decomposing 
the potassium fluosilicate by lime. 

Several inventors utilise the slight solubility 
of potassium hilartrnte (Goldenborg) and binox- 
alate. Bohlig decomposes the latter by mag- 
nesium carbonate. None of these processes i.s 

. . ' i ■ of alkaline chloridc.s by 
the galvanic current has been frequently attemp- 
ted. Tills process has been applied to carnallite 
by Wollheim (D. R. P. 16126); at Ascher.s- 
leben it was to be tried on a largo scale with 
machines of 120 h.-p. The Griesheim Chemical 
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Company at Franlciort have carried out the 
eJt'Ctrolytical manufacture of caustic potash and 
chlorine from strong potassium clrlorido with 
great success, and on a very largo scale, for eoiiie 
years past, but it is not known by what special 
process. 

(2) From ml f hate. Leblanc’s process will 
bo described below. It has been extended to a 
direct treatment of schoenite by Vonster and 
Griineberg, and Prccht (in 1885) even j)atented 
a direct addition of magnesium sulphate 
to the potassium sulphate employed for that 
process. Clemm (18(13) and Precht (1858) de- 
compose schoehite by heating with coal, where- 
upon a mixture of magnesia and potassium 
sulphide is formed, which is treated with moist 
carbon dioxide. 

Of the processes in which compounds of 
barium, strontium, aluminium, &c., also alu- 
minium phosphate, are employed for decom- 
posing alkaline sulphates, wo mention only the 
process of Jannasch (D. it. P. 51224), in which 
potassium sulphate, obtained by a sxrecial pro- 
cess from kainite, is boiled with finely ground 
native barium carbonate (witheritc). As the 
native mineral and no carlmnio acid are 
employed, the dccomxmsition is sure to bo 
incomplete. 

E. Pfeiffer states (Zeitsch. f. Chem. 8, 1338, 
1375) that he decomposed, for some time, potas- 
sium sulphate with barium carbonate on a large 
scale. W. Bramley has •' — — -j pro- 
cess in a slightly modi fie . ■ ' . "• • 1050, 

1886). 

Dupr6 (D. R P. 47037) mixcs_ solutions, 
saturated at 0°, of of potas- 
sium sulifiiate and . . ■ ontaining 

85 grams NaaCOj and 139 grams K2iS04 per litre), 
and cools down very cautiously below 0", passing 
a stream of 00^ into the liquid ; or else 14.0 grams 
sodium bicarbonate -(-140 grams potassium 
sulphate, dissolved in 1 Utre water, are cooled 
down to —0°, when 200 grams of Glauber’s 
salts crystallise out, which are separated from 
the solution of potassium bicarbonate by a 
centrifugal machine. At — 10° the separation of 
Glauber’s salts is inoro_ complete, but then the 
process is interfered with by the formation of 
cjryohydrates. A further patent (D. E. P. 
52163) contains important improvements of 
the process. 

Vogt and Figge (I). E. I*. 31675) convert 
alkaline sulphates int(j a porous form by mixing 
them with silica, clay .magnesia, or lime,^ cal- 
cining, and moulding into small pieces. These 
are introduced into upright iron C3dinders, in 
whicih the sulphate is first converted into sul- 
phide by the action td carbon monoxide at a 
bright-red heat, carbon dioxirle being given off, 
anrl then into carbonate by the action of carbon 
dioxide and steam at _ a lower temperature. 
These cylinders arc combined to a set, into which 
carbon monoxide is 

hydrogen sidphido passes out at the other end. 
The cylinders are discharged frenn the bottom ; 
the mass is lixiviated, and the porous substance 
employed over again. This process was to be 
tried on a large scale at the Aschersloben 
works ; it does not seem to have been suc- 
cessful. 

Kayser (Amer. Pat. 320256) converts alkaline 
sulphates into carbonates by a mixture of equal 


volumes of CO2 and CO at a low red heat ; 
SOg escapes, and is utilised lor converting 
chloride into sulphate. 

Horner (D. E. PP. 66533, 67320, 67780) dis- 
solves potassium sulphate (or sehoenite) and 
potassium dichromate in water at 60° or 80° and 
neutralises exactly with milk of lime, whereby 
the following reaction is produced : 

K2S04-fK2Cr„0,+Ca(0Ii)2 

=2KCJr04-(-CaS04-l-H20. 

The precipitated gypsum is removed by filtra- 
tion, the remainder of it by precipitation with 
potassium carbonate, or bj’ evaporation in vaend 
at 80°. The sole" ■ f - ' ■ ^ -’u-- chromate is 
concentrated by ^ ' ' ,. down and 

treated with COg, whereby potassium dichromate 
and bicarbonate are produced. The fornier 

' KHGO 3 remains in solution. 

■ ■. to 45°-50° Be., COo escapes 

anu iVgtiUs IB oDtained. 

At the Buckau Chemical Works (Fischer’s 
dahresb, 1894, 469), kainite is treated with sul- 
phuric acid, the escaping HCl being _ condensed. 

The solution is 1 ’7’ ‘uilk of lime, 

separated from tl ■■ .. ■ ' ■ and treated 

with barium sulphide. After removing the 
barium sulx>hate, the solution of sulphides is 
decomposed by carbon dioxide (converting the 
HgS given off into sulx^huric acid) ; the alkalis 
are converted into bicarbonates and the sodium 
bicarbonate crystallises out on cooling, leaving 
potassium bicarbonate in solution. 

Polasshm carVoriate by the Leblanc process. 

This xuocess consists in fusing potassium sub 
X)hato with calcium carbonate and coal. .Both 
the theory and the practical execution of this 
process are exactly like its original application 
to soda, to which we must refer for particulars. 

This also holds good for the r ■ ' . ■ 

aijparatus, boiling-down pai . , 

hero point ont only those matters in which the 

potash xtrocess dilTers from the soda process. 

The potassium sulphate is nearly always that 
ohtaiiied by ' ' ' “ v- tassium chloride 

with sulphuri .. ■ obtained from 

sehoenite is too light, and is easily carried 
away by the draught. Without damaging the 
process, some sehoenite may bo mixed with 
the K2SO4. 

'J’ho furnaces are almost cxactly like black- 
ash furnaces ; the only dillcrence is that the 
hearth is made a little ‘ dished ’ — that is, with 
a depression (d 2 ins. in the centre— -to counter- 
act the tendency of the melting mass to pene- 
trate into the hearth and raise it up. 

(L'lie usual mixture is : 100 potassium sul- 
phate, 80 to 90 limestone, and 40 to 50 coal ; 
but on starting a new furnace the proportion of 
limestone and coal is somewhat increased until 
the furnace has attained its full heat, bmall 
Ijatches (of 2i- to 3 cwt. sulphate) are finished 
in 40 to 50 minutes, large batches (up to 5 cwt. 
Bulxihate) in about 75 miiiutcs, so tliat there is 
no advantage with the latter ; on the contrary, 
small batches arc more easily worked, ancl tlio 
furnace sutlers less ; there is also less volatilisa- 
tion of potassium ' U-’mlly thirty 

batches of 3 cwt., ■ , ^ cwt., of 

sulphate are turnet. . ' ; » ■ . 

Towards thS end of the oiioraflon the ®usmg 
mass becomes thinner than witl;^ socjxi ; the end 
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of the operation is at hand when the evolution the sulphate may ‘salt out’ even at 00°!’ w., and 
of ‘ candles ’ begins to diminish slightly, where- this takes place in any case above 77“Tw. up 
upon the batch must be drawn out at once. The to 123°Tw., at which iioint all the sulphate \*li 
temperature rises from 700° at the beginning have been removed. That part which is iire- 
to 900°C. at the end. cipitatod in the pans during ovaxmration would, 

Good black ash from potash should contain in bottom-fired pans, produce very inconvenient 
40 to 45 p.o. jjotassium carbonate (counting the crusts unless it were constantly • removed by 
hydroxide as such), and not above 0-5 to 1-6 ‘ 'i T’ ■' can be done most conveniently 
undecomposed sulphate, and 0-5 to at most 1-0 ‘ ^ ■ or by Thelen’s mechanical 

sulphide. The less limestone and coal are used in fishing-pans. In the case of top-fired pans such 
the first stage the less caustic it contains Cyanide deposits are harmless, and hence at some works 
is formed from the nitrogen of the coal, sometimes they employ bottom-heat up to 77°Tw., and 
to such an extent that the recovery of ferro- top-heat above that point, 
cyanide is a pajdng i)rocess. German coal yields The potassium sulphate, precipitated both in 
less cyanide than English (Newcastle) coal. the pans and by cooling the liquor, is drained, 
100 parts of j)otassium sulphate, with an freed from adhering liquor by cold water, and 
average proportion of limestone, yield from 157 used over again in the black-ash furnace ; this 
to 163 parts of black ash. is an advantage over the Leblanc soda process, 

The black ash is left to cool for 1 or 2 days, where the sulphate remains with the soda- 
and is broken up in smaller pieces than with ash, and is thus lost. When using coal con- 
soda (say, not above 4 ins. diameter). The taining much nitrogen it pays to extract the 
lixiviation takes place precisely as with soda, potassium ferrooyanide, which is found together 
For each ton of black ash to be lixiviated in with the sulphate. The deposit is for this pur- 
24 hours there should bo vat space amounting pose dissolved by water and steam to sp.gr. 
to from 250 to .350 cubic feet. The water is 66J°Tw. ; the solution is clarified and run into 
used in summer without heating ; in winter coolers, where the ferrocyanide crystallises out. 
about 30°C . ; the ‘ strong vat ’ should be It is purified by re-dissolving to 60°Tw. The 
about 40° to 45°0. The strong liquor, as it yield is generally below 1 p.c. of the carbonate, 
is run off, tests from 36° to 00°Tw, ; the average The finishing operation takes place in a cal- 
is 42°Tw. It i.s greenish-yeUow, sometimes with cining furnace, similar to those employed for 
a reddish cast. It contains all the same im- soda, but always connected with a cast-iron pot 
purities as soda tank-liquor. Pfeiffer quotes the or a wrought-iron pan, set at the end opposite tho 
following quantities found in two samples, cal- fireplace, for utilising the waste heat. In those 
oulated upon 100 parts of KoCOj (-t-KOH) : pans the liquor is brought to at least 123°Tw., 

^ and sometimes to the state of paste. In tho 

Potassium sulphate . 3-27 4-34 parts latter case the furnace-bed is made level ; when 

„ sulphide. . 3d 7 2 ‘35 mtended for liquor of 123 Tw. it must bo made to 

” thiosulphate’ 1-72 S-Gl ” slope down from tho worMng-door to a depth of 

silicate . 1 ‘98 2-24 ^ ^ inches. In anj’- case the furnace must be 

Total sulphur (asK„SO*) O-C) 11-36 ” brought to a bright-red heat before charging it 

“ with fresh liquor or paste, so that a crust is 

There is also aluminate, ferrocyanide, ferro- formed at once on the bottom, and there is less 
sulpliide, &c. Tho tanh-nmte ought not to con- tendency for the liquor to penetrate into tho 
tain above 0-2 to 0-3 p.c. of soluble potas.sium furnace-bed, which, of course, must be made 
carbonate. with the greatest care, exactly like that of a 

By directly evaporating the tank-liquor to black-a-sh furnace. The new crusts forming at 
dryness, and calcining, a yelloiv or reddish the surface must be worked down, and when tho 
potash is obtained which must be purified by ■whole mass is dry it must bo detached from the 
redissolving, bringing again to dryness, and cal- brickwork and broken up by means of the ‘ rake ’ 
cining. It is decidedly preferable to carbonate and the ‘ paddle.’ In the intervals of working 
the tank-liquors exactly as is done with soda the mass the heat is raised by closing the door 
liquors, whereby the hydroxide and sulpliide and stirring the fire until the surface shows just 
.are converted into carbonate, and the ferrous incipient fusion, but not above Wh"*! 

suliihide ■' can be done by the mass has been brought to a ; : : ■ ■ ■ ■ 

gaseous ■ , ■ i '.n the manner described out, and into the state of a uniform powder, it 

for soda, or very advantageously by means of is drawn out and is left to cool on an iron plate, 
potassium bicarbonate. With liquor of 123°Tw., four or five batches of 

The evaporation of the liquor takes place in 5 or 6 cwt. of potash can bo turned out in 24 
pans heated by the waste fire of the black-a.sh hours. It is important to avoid any interrup- 
furnace either from the top or the bottom. Pans tions of work, which nearly always produce 
fired from the top su'ffer less, and the evaporation cracks in the brickwork. 

takes place more quickly than with bottom heat. With carbonated liquors a single calcination 
which requires about twice the heating surface ; furnishes a marketable product containing 85 to 
still, bottom-fired 'pans are generally preferred in 92 p.c. carbonate, 10 to 2 sulphate, 2-5 to ()'5 
pota.sh works, because the liquors are less con- chloride, and a little insoluble matter. This is, 
taminated -with SO,, soot, coal-ashes, &c. however, frequently refined by redLssolving it 
The evaporation can be carried on with good with the aid of steam, in tanks provided with 
liquors to 77°Tw. before any sulphate ‘ salts out.’ a suspended sieve or -with a mechanical stirrer, 
At this point ^he liquor is run off into coolers, to a strength of 110° or 112°Tw., and allowing 
where most ol the sulphate is precipitated in a it to settle, when, on cooling, most of the sul- 
murWy form*together -with a little K2CO32H2O. phate crystallises out. The clear liquor is fur- 
With inferior lifiuors, containing much sulphate, ther concentrated to 123°Tw. in the pans behind 
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the calcining furnaces, and is calcined with 
special care. This refined product contains : 

Potassium carbonate] 

(hydroxide, sili- >from 92 to 98-5 p.c. 
cate, aluminate) J 

Sodium carbonate . „ 2-5 „ 0'5 „ 

Potassium chloride - ,, 2-5 „ O-fi „ 

Potassium sulphate . ,, 3-0 „ 04 „ 

The quantity of silicate and aluminate is very 

slight. Phosphate, which always occurs in 
potash from vegetable sources, is absent here. 

Hydrated potassium carbonate. For some 
purposes, especially for flint-glass maldng, potash 
entirely free from sulpb-/-. r---'------ ■jq 

18 p.c. of water, is . ■ . , , ■ '■ ■. 

Ordinary carbonate is dissolved to a strength of 
142°Tw., or even above this ; the solution is 
allowed to cool and settle, which causes nearly 
all the sulphate to separate. The clear liquor 
is evaporated in flat-bottomed pans to the state 
of a thick paste ; the fire is now drawn, and 
the mass is constantly stirred till it has been 
converted into a coarse powder. It is less deli- 
quescent than calcined potashes ; its composi- 
tion approaches the formula K 2 C 03 , 2 Ii 20 . 

3. Potash from felspa.r and other rocks. The 
recovery of potash from rocks containing it 
in largo quantities (sometimes up to 14 p.c. 
KjO), bj' their decomposition 

have ■ potash existing in the 

soil, and hence indirectly that obtained from 
'I V been attempted 

• • ■ . ■ 'nany years past 

without much success. Tlio most ]momising 
process seemed to bo that of Ward and Wynants, 
in which finely-ground felspar (orthoclaso) is 
ignited with lime and fluorspar until the mass 
had fritted. On lixiviation potassium hydroxide 
and silicate are decomposed by moans of carbon 
dioxide. Thesilic; ■’I. ■ 1 potassium 

carbonate can bo ■ ; ■ ■ fiution in a 

very pure form. Both this and all similar pro- 
cesses are quite out of the field, since the discovery 
of the Stassfurt dejmsits has opened out an 
incomparably more convenient source of potash, 
which is, at any rate, sufficient for hundreds of 
years to come. The proposal of Spiller (J. Soc. 
Chom. Ind. 1882, 128), to heat felspar with 
calcium fluoride and sulphuric acid in order to 
obtain potassium and aluminium sulphate, has 
very little prospect of practical realisation. 

E. Hart (U.S. Pat. 997671) ijropares potas- 
sium sulphate from potassium-bearing rooks by 
fusing them with barium sulphide so as to give 
a glass, and extracting the potassium from the 
X>owderod product by a mineral acid. Potas- 
sium alum, for instance, is obtained by fusing 
1 mol. orthoolase Avith 1 mol. barium sulphate 
and 2 at. coal and treating the product with 
sulphuric acid. 

Thompson (U.S. Pat. 995105) mixes finely 
ground felspar with an alkaline acid sulphate 
and chlorides, say, 5 felspar, 5 acid sodium 
sulphate and 1-8 sodium chloride, keeps the 
mixture at a, red heat for 2 or 3 hours, grinds it 
after cooling, lixiviates and allows th(! solution 
to (U’ystallise. The acid sulphate, acting f)n the 
chlorides, liberates hydrogen chloride, which at 
l,he high tom])oratures acts upon the felspar with 
formation of potassium chloride ; this, with the 
NaTISO^, forms again HCl and KgSO.!. In this 


way, he asserts, 80 to 90 p.c. of the potassium 
contained in felspar is recovered as sulphate. 

Herstein (J. Ind. Eng. Chem. 1911, 426) 
fuses felspar with calciuni chloride and a like 
quantity of calcium carbonate in revolving fur- 
naces ; potassium chloride escapes in the state of 
vapour, while cement clinker remains behind. 

4. Potash from wood-ashes. This was for- 
merly the only source of potassium carbonate 
on a large scale. About the middle of the last 
century it lost much of its importance through 
the rise of the vinasse industry ; and, since the 
manufacture of potassium carbonate by Le- 
blanc’s process has more and more extended, 
that made from Avood-ashes has correspondingly 
receded into the background. Nor is this 
result very much to be deplored, for the ready 
sale formerly obtained for potash from Avooci- 
ashes led to the devastation of forests at an 
alarming rate. On the other hand, it is a 
fact that in some localities the only use to be 
made of timber is its conversion into ashes, and 
extraction of potash therefrom ; but the places 
where this can be called in any Avay a rational 
process are getting more and more scarce. 
Several of the brands formerly found in trade 
have become extinct. Since the use of wood 
as fuel has also very much diminished during 
the last generation the collecting of ashes from 
this source, Avliich were formerly sold to the 
potash manufacturers, is noAV too troublesome 
in most countries, and such wood- ashes are 
there only used for domestic and agricultural 
purposes. Only some parts of Russia, Transyl- 
vania, Illyria, Canada, and the United States, 
still continue to furnish supplies of commercial 
pot-ashes (pearl-ash, &c.). 

Potash is an indispensable element for the 
growth of most plants, and hence is found in 
their ashes. But where it is associated Avith 
much silica and phosphoric acid the ashes con- 
tain but little carbonate, and are not available 
for the manufacture of potash. Idris, for in- 
stance, holds good of straw-ash. The only prac- 
tically important source of potash is wood-ash ; 
it is true that the ashes of several herbaceous 
plants contain a great deal more of potassium 
carbonate than the ordinary Avoods, and it has 
been actually proposed to groAV such herbs for 
tliis manufacture; but this is irrational and 
AWthout any hope of success, as these quickly 

’d-'--'-- exhaust the soil much more 

■ ■ , cr bo made up by the natural 
; ■■ ■ . ■ the minerals composing it. 

" . ■ table shoAVS the percentage of 

.. . ,■ . potash in some of the more 

important AVOods and plants : — 


Pino Avood 

Ash 

per cent. 

. 0-34 . 

I’otaah 
per cent. 
0'045 

Poplar wood 

— 

0-075 

Beech Avood . 

. 0-58 . 

0-145 

Beech bark . 

. — 

0-153 

Ash AVOod 

. 1-22 . 

0-074 

Oak Avood 

. 1’36 . 

0-163 

Oak bark 

, — 

0-420 

Box AVOod 

. 

0-226 

WilloAV AVOod 

. 2-80 . 

0-285 

Elm AVood 

. 2-55 . 

0-390 

Virie.s . 

. 3-40 *. 

0-550 

Thistles 


0-500 

Rush . ’ . 

• 

0-568 
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Ash. Potash 

per cent. per cent. 
Ferns . . . 3 '64 . 0'626 

Nettles . . — • 2*503 

Vetch . . . — • 2*760 

Wormwood . . — ■ 7*300 

In Canada most potash is made from elm, 
birch, larch, and maple. 

The potash is contained in these_ plants m 
the shape of sulphate, chloride, silicate, and 
organic salts. The latter, on calcining, are 
converted into carbonate, part of which may be 
converted into hydroxide on lixiviation if lime 
is present ; any silica present will pass into 
potassium silicate, and this renders the manu- 
facture of potash from straw quite irrational. 
Where soda is present in large quantities the 
potash obtained must also be of inferior value. 
Hence the quality of potash found in trade is 
very varying, quite apart from actual falsifica- 
tions with coal -ashes, soda, &c. 

The manufacture of commercial potash is a 
very crude process. The wood is burned in pits 
dug in the earth in places sheltered from wind. 
The collected ash (beech-wood ash is preferred, 
to all other wood-ashes ; vine stalks, ferns, &c., 
where obtainable in quantity, are still better) 
is spread on a stone floor, sprinkled with water, 
and worked through until it is evenly damp. 
Sometimes (in Canada) a little lime is .mixed 
with it, which afterAvards causes the formation 
of caustic potash. The damp ash is jplaccd in 
casks provided with a false bottom, covered with 
straw, and water (preferably hot) is poured over 
it. After some time the liquor thus formed is 
drawn off by a plug-hole at the bottcjm ; if it is 
about 32°Tw. .strong it can be boiled down at 
once ; the weaker liquors and washings are used 
for lixiviating fre-sh ash. The residue, which 
with this rough style of working still contains 
much potash, is a good manure. 

The boiling-down is also generally a very 
rough process. In lieu of pans' possessing a 
large heating-surface (pans fired from the top 
would be the best) usually circular cast-iron pots 
fired from below are employed, in which the 
liquor is boiled down to dryness. In spite of 
stirring up the mass before it becomes quite dry 
much of it burns fast to the pot, cau.sing a great 
waste of fuel and a speedy destruction of the 
pot. In America the mass is heated nearly to 
redness, and is converted into greyish-pink com- 
pact ‘ pot-ashes,’ Avhich are assorted by official 
inspectors into ‘ firsts,’ ' seconds,’ ‘ thirds,’ and 
‘ unbrandables.’ The broWn crude pot-ashes are 
calcined in reverberatory furnaces, which causes 
the carbonaceous and other organic matter to 
burn arvay, the hydroxide to be carbonated and 
the sulphide, &c., to be converted into sulphate. 
An excess of heat has to be avoided, because the 
mass Avould then fuse, and this would prevent 
the organic substance from being burned The 
resulting product should be white or blueish — 
the latter from potassium manganate. A purer 
product is obtained by dissolving the product of 
calcination in water, separating the liquor from 
the insoluble substances, evaporating and cal- 
cining again ; the American ‘ pearl-ashes ’ are 
thus made. 

The cominc#! American ‘ pot-ashes ’ ai'e fre- 
quen^ mad% with addition of, so much lime 
that they contain the major portion of the pot- 


ash in the caustic state ; thus some of the silicate 
is also recovered wliich would be lost otherwise. 
This potash fuses below a red heat ; it is thcif>- 
fore only boiled down until the mass solidifies on 

’■ -*.- grey, red, or black lumps. 

! ■ ■ ' ■ itash must be even more 

■ ■ . linst atmospheric moisture 

■ ■■ ■'„■■■' rcial potassium carbonate, 

although this is also deliquescent. Such caustic 
potash is very much in rerpiest by soap makers ; 
it takes less lime in making their iye, and causes 
less loss, just in proportion to the smaller 
amount of lime-mud. 

‘ Purified carbonate of potash ’ is made from 
ordinary carbonate in two different Avays. In one 
the carbonate is stirred up in an iron pot Avith 
1|- or 2 times its Aveight of cold Avator, and the 
mixture whicli gets hot alloAved to (iool down 
before siphoning off the clear liquor, fi'ho sul- 
phate and some chloride remain behind, to- 
gether with the insoluble matter ; the residue i.s 
not Avashed (Avhich Avould cause the sulphate to 
be re-dissolved), but only pressed. The liquor, 
containing mostly carbonate, but also chloride 
and silicate, is brought to dryne.ss, stirring it up 
to the end. In the other the solution is made Avith 
hot Avatcr, the residue is exhausted in the same 
Avay, the liquors are boiled doAvn to .sp.gr. 1*50 
and allowed to cool, Avhen the sulphate and some 
chloride, crystallise out. fi’hiH procfcss is more 
expensive than the former. In order to make 
still purer carbonate for flint-glass manufacture, 
pearl-ashes are calcined with a little saAvdust, 
lixiviated, the clear liquor is boiled clown and 
calcined, and this is repeated tAvice over ; the 
last product is dried down until it is converted 
into granular * crystallised ’ carbonate with 16 
to 18 p.o. of water. 

According to Chem. Zeit. Ecj)., 1008, 3, 
potaslies are manufactured from the stems of 
sunfloAvers in 24 factories in Northern (.huonsia, 
to the extent of 100,000 to 120,000 tons per 
annum. 

The potash from baraboo-cano, made in 
British Burraah (Romanis, Chem. Ncav.s, 4.6, 
158). testing 32*54 K„0, 0*08 Na.,0, 18*72 KCl, 
16-95 SiOg, 8*07 00. 2-11 SO,,, f*10 ALO3 and 
FcaOg, 19*43 H20, partakes more of the nature 
of a silicate than that of a (i.'irlnjnato (like all 
other potashes made from :: ;■ nlnnts). 

The quantity of wood : 1 " * '* '•'he 

whole world was estimated by if. Griineberg, in 
1873, at 20,000 tons per annum. IDAmn then its 
production had very much receded in comparison 
with former times. The exportation from Russia, 
formerly the leading country in that respect, 
which in 1864 had been 11,000 ton.s, in 1873 had 
declined to 5540 tons ; Noav. York, Avhich in 
1865 exported 2010 tons, in 1873 only exported 
388 tons. Of the American expoi'tation, about 
one-tenth is pearl-ashes, nine-tcnth.s caustic 
pot-ashes. At present the total quantity of 
wood potash annually produced cannot exceed 
10,000, or at most 15,000 tons ; a great part of 
this is consumed in the countri(!S where it is 
produced. 

5. Potash from Imt-root vinnssp. Tn f he* last 
stage of the manufacture of sugar from beet- 
root a syrupy liquid is obtained, Avhicdi, although 
containing a very large quantity of sugar, cannot 
be brought to crystallisation,* oAving partly to 
the presence of organic impurities, but chiefly to 
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Analyses of CoMMBRCiAii Potashes, Pbakl-ashbs, &c., brom Wood. 


Origin 


American potasli 


Montreal potasli 


Canadian pearl-ashes 


Tuscan potaslics 

Illyrian potashes 
Hungarian ,, 
Galician ,, 
Russian „ 


Quality 

K 2 CO 3 

KOH 

Total 
available 
alkali 
calc, as 
KjCOg 

Available 
potasli 
calc, as 
K 2 CO 3 

Na 2 C 03 

K 2 SO 4 

KCl 

Analyst 



G 8 

_ 

76-5 

68 

5-8 

15-3 

8-1 

Pesier 

1 

41-7 

49-6 

108-2 

100-4 

1-4 

4-0 

2-0 ) 
6-6 f 

F. Mayer 

2 

19-4 

44-4 

87-8 

77-2 

8-2 

10-1 

2 

18-3 

30-6 

81-7 

65-9 

12-2 

15-1 

14-0 ( 

Grtineberg 

2 

34-6 

29*G 

81-8 

77-9 

3-0 

15-0 

7-6 f 

firsts j 

43-87-) 

50-03- j 

92-49- ) 

88-83- 1 

0-24- ) 
2-84 f 

10-07-1 

4-41- ] 


2C-1G (■ 

30-50 f 

89-82 f 

85-54 ( 

10-40 f 

1-68 i 


seconds ^ 

38-1)3- ( 

42*44— / 

85-79-1 

70-24-1 

11-47-1 

18-02- / 
0-18 f 

12-82- V 

Tatlock 

21-71 f 

30-63 f 

85-08 f 

73-98 1 

8-52 f 

0-13 


thirds 

40-31 

C-14 

72-10 

53-80 

17-81 

20-63 

7-03 J 


— 

71-3 

— 

74-2 

71-3 

2-3 

14-3 

3-0 

Pesier 

— 

65-0 

— 

70-2 

05-0 

4-0 

21-0 

7-0 

Grtineberg 

1 

77-50 

— 

80-98 

77-.50 

2-80 

11-05 

2-05 1 

Tatlock 

— 

71-38 

— 

74-53 

71-38 

2-31 

14-38 

3-04 f 

— 

74-1 

— 

78-0 

74-1 

3-0 

13-4 

0-9 

Pesier 

— 

G2-0 



70-9 

62-0 

11-0 

15-5 

4-6 ) 


1 

3 

89-3 

44- G 



89-3 

08-0 

89-3 

44-0 

0-0 

18-1 

1-2 

30-0 

9-5 f 

7-3 r 

Grhneberg 

— 

4G-n 

— 

51-6 

40-9 

3-0 

29-9 

11-1 ) 


— 

G9-G1 

— 

73-77 

00-01 

3-09 

14-11 

2-09 

Pesier 


50-84 

— 

CG-78 

50-84 

12-14 

17-44 

5-80 

Bastolaer 


tho large quantity of salts present. The latter 
circumstance prevents the utilisation of such 
‘ beet-root molasses ’ in a similar way to cane- 
sugar naolasses. For a long time tho only way 
of dealing with beet-root molasses was this : 
diluting them with water, neutralising their 
alkaline reaction with sulphuric acid, causing 
the liquor to enter into alcoholic fermentation 
by means of yeast, and distilling olT the spirit 
(which is of rather inferior quality). The liquor 
pmaining behind in the stills, called ‘ vinasse ’ 
in Frenclx or ‘ sohlompo ’ in Corraan, was for- 
merly always led back upon tho fields on which 
the sugar-beet had been grown. To some extent 
this is still done ; nor can it Ixo denied that this 
is, after all, tho simplest and at the same time 
the most rational way of dealing with it, wher- 
ever carriage is ixract'icable, for in this way the 
mineral .substances (especially potash and phos- 
X)horic acid) taken from tho soil in tho shape of 
beet-root crops, arc given back to it in a soluble 
form, together with the nitrate.? formed in the 
plants, which are lost in every other process of 
utilising tho vinasse. 

On the other hand, tho large quantity of 
potash contained in this liquor has, under ordi- 
nary circumstances, a greater commercial value, 
(5ven deducting the expense of recovering it in 
tho shape of potassium carbonate, than in that 
of liquid manure. This was pointed out alxout 
1830 by Dubrunfaut, to whom is due the in- 
troduction of the very important industry of 
beet-root potash, which, however, did not take 
firm root until about 1850, finst in the north 
of France, and then in Belgium and Ger- 
many. In Franco this still forrai? tho most u.sual 
way of dealing with molasses, wliilst in Germany 
it has become more usual to extract tho sugar by 
means of the osmose, the strontia, and the lime 
processes. The strontia process ea.sily admits of 
recovering the potash in the shape of ‘ vinasse 
cind(ir ’ ; but tlie dilute liquids, obtained by the 
osmose and the lime i^rocess, are Tisually only 
applied for manuring the fields. Pfeiffer (TCaii 
Industrie, 101) estimates the potash contained in 
the beet.-root-juice worked in Germany in 1883, 


calculated as 80 p.c. potassium chloride; at 
15,000 tons, 8000 tons of which was rendered 
back to tho fields by tho factories worldng the 
osmose and substitution processes, whilst 7000 
tons passed into molasses. Of the latter, about 
1350 tons were recovered in the shape of 
‘ schlempckohlo ’ from the strontia process, and 
3000 or 4000 tons from the factories worldng 
the molasses for spirit. In France sometimes 
the osmose liquor is worked fo: ■ ' 'i ■ ■'i.''. 

which forms 50 p.c. of the ‘ ' ,> : ^ 

boiling down tho liquor to 40° B6. (Uingl. 
poly. J. 245, 102 ; 264, 510). 

Sugar-boot may be said to yield about 1 p.c. 
of ash, nearly hiil'f of which consists of potash 
(calculated as KaOij present in tho juice to a 
great extent in the shape of nitrate and of salts 
of organic acids, aU of which on calcining yield 
carbonate. Very little of it goes away with the 
sugar ; nearly all remains in the molasses, which 
contain from 44 to 50 p.c. of sugar, 14 to 18 p.c. 
other organic substances, IG to 18 p.c. salts, and 
15 to 18 p.c. water • the ash amounts to 10 to 12 


p.c. Tho ash is composed as follows, according 
to Krooker : 

Soluble Insoluble 

Potash 

47-88 1-70 

8oda .... 

2-34 0-17 ■ 

Lime . . . 

— 5-08 

Sodium chloride . 

12-92 — 

Sulphur dioxide . 

1-58 — 

Carbon dioxide . 

22-39 4-00 

Silica .... 

0-85 0-22 

Phosphorus ])csntoxidc . 
Lime, magnesia, ferric 
oxide (as phosphates) 

— 0-29 

— 0-03 


87-91 12-09 

Heidenpriem found in molasses ash : 

Potash 

47-67 51-72 p.o. 

Soda .... 

8-00 1] -43 „ 

Lime .... 

3-12 5-04 „ 

.Magnesia 

^0-10 > 0-18 „ 
27-94 28-90 „ 

Carbon dioxide 

S03,P.20s*,Si02,Cl,Fo20a 

«-lG (fe33 „ 


360 


POTASSIUM. 


Manufacture of vinasse-cinder {salin, 
sohlem'pelcolilp). Tke vinasse, a liquid of about 
sp.gr. 1-028, and always of acid reaction (pur- 
posely brought about for the sake of fermenta- 
tion, V, supra), is neutralised with lime, and is 
then concentrated by evaporation. Since the 
profitable working of this process depends 
entirely upon the economical evaporation of a 
dilute liquid, much ingenuity has been expended 
on the evaporating apparatus. The heat must 
act both as top and bottom heat, the flame 
travelling between two pans, or over the top of 
a pan covered with an arch, upon which another 
pan is set so as to lie indirectly heated. The 
most successful and most widely-employed 
system for this purpose is Porion’s furnace, in 
which the evaporating-surface is largely in- 
creased by splashing about the liquid in the fire 
gases by means of paddle-wheels revolving from 
400 to 800 times per minute. 

The heat required for evaporating the liquid 
is produced partly by an ordinary fire, partly by 
the combustion of the organic substance con- 
tained in the vinasse. When the latter has been 
brought to the syrupy state, say 60° Ed., it is 
transferred from the iron pan on to the bed of a 
reverberatory furnace, immediately attached to 
it, on which it is altogether dried, whereupon it 
takes fire and itself produces a large amount of 
heat. This is aided by the nitrates contained in 
the mass. The heat must, however, bo so regu- 
lated that the mass is ^ don ; 

when fused it would be : ' ■ ' ■ = ' •, and 

it would also contain lower oxidation-products of 
sulphur. The process is therefore finished when 
a carbonaceous mass has been formed, a sample 
of which yields with water on filtration a colour- 
less solution. This is the ‘ salin brut ’ or 
< TT-m.-'-v- ’ Vinasse cinder), a product 
' ;■ largely .sold in this state, 
and employed chiefly for soft-soap and for the 
manufacture of saltpetre from Chilean sodium 
nitrate ; it is now generally worked up into 
potassium carbonate and other salts. 

The --vr-.----."-— _ vinasse cinder varies 
between • .■. .■■:■!' ' according to the soil 
on which ■ ■ , ■ . ■ jn grown. Griineberg 

(Amtlieher Bericht fiber die Wiener Ausstellung, 
1, 399) gives the following figures as the average 
composition of thi.s product : 


Potassium carbonate . 
Sodium carbonate 
Potassium chloride 
Potassium sulphate 
Insoluble (incl. carbon) 


30 to 35 p.e. 
IS to 20 „ 
18 to 22 „ 

6 to 8 „ 
28 to 16 „ 


but the analyses published by Sauerwein, 
Gohren, Kuhlmann, Esselens, Lefevro, and 
others, prove that the proportion of the ingre- 
dients may vary even more. 

A largo number of analyses of vinasse cinder 
are given by Hinz (Fischer’s Jabresb. 1893, 389 
et seq.). 

In lieu of burning the syrupy vinasse on the 
hearth of an open surface, C. Vincent (Compt. 
Mnd._84, 21 4) runs’* it, at a strength of 40°Be. , 
into iron retort.s, and carbonises it with con- 
densation of the formed vapours, the recovered 
liquids being subpetod to a special treatment. 
This extremely ingenious process, by which 
trimethylamine^and methyl chloride were for 
the firs# time ontainod as commercial products. 


together with methyl alcohol and ammonia, was 
carried out on a large scale at Courrieres, in the 
north of France, but has not extended beyom^ 
this. A modification of Vincent’s process is that 
proposed by A. Zwillinger (D. R. I*. 38419), who 
carbonises vinasse, brought to the syrupy state, 
in a retort by means of superheated steam. 

The following description is an outline of 
Vincent’s process. The cinder, obtained by 
heating the viiiasse-re,sidue in closed retorts, is 
very porous and easy to lixiviate ; the potash 
made from it is very pure, and especially free 
from sulphate and sulphide. The gaseous pro- 
ducts are submitted to a process of condensation 
quite similar to that usual at gasworks ; a little 
tar and a considerable quantity of aqueou.s fluid is 

condensed, and a considerable """ 

left over, which may be used for ’ ' ■ ' , ' ' ' ■ 

The aqueous liquid contains ammonium car- 
bonate, hydrosulphide and cyanide, methyl sul- 
phide, methyl alcohol, and the 

volatile monobasic fattv . . ■ ' ■ ' mtralised 
with hydrochloric acid, and the greater proportion 
of w-ater is removed by distillation. The distil- 
late contains, together with much water, me- 
thyl .alcohol and methyl cyanide ; by re-dis- 
tilling it with lime, the methyl alcohol can be 
set free, and calcium acetate remains behind. 
From 100 Idlos. of molasses 1 J litres of _ methyl 
alcohol is obtained. The original liquid, con- 
centrated by distillation and allowerl to cool, 
yields a crop of ammonium chloride (about 2 
Idlos. for 100 kilos, of molasses). The mother- 
liquor (about 1-8 kilos.) contains principally tri- 
methylamine hydrochloride. - It is further con- 
centrated by evaporation, and the dry mass is 

subje".' ■’ ‘ "v’ At 260° there 

begin- ■ ss, and at 325° 

the . ; ■ •. The gases 

escaping consist of trimethylamine and methyl 
chloride, afterwards with much ammonia ; they 
are passed through hydrocliloric acid, which 
retains trimethylamine and ammonia, whilst 
methyl chloride passes on, is washed with 
water and collectecl in a gas-holder. The liquor 
is concentrated to a boiling-point of 140°C. ; on 
cooling, nearly all the ammonium chloride crys- 
tallises out and trimethylamine hydrochloride 
remains in the mother-liquor. The gaseous 
methyl chloride is dried, and hy mean.s of com- 
pression and cooling is condensed to a liquid, 
boiling at — 23°C., which is sent out in strong 
wrought-iron or copper drums, and used princi- 
pally in the manufacture of aniline dyes. 

The theory of the decomposition of the dry 
trimethylamine hydrochloride by heat is as 
follows. At first this salt is, like ammonium 
chloride, dissociated by heat, and much free tri- 
methylamine is volatilised. The acid residue at 

a higher ten"— ■v'’' the following 

reaction: Fl- I . .V d ■ +NHa. This 
explains the .< ■■ t : 'nto trimethyl- 

amino, methyl chloride, and ammonia. 

Elsewhere the recovery of methyl chloride 
and trimethylamine does not appear to liave heen 
attempted, but in several places the ammonia 
has been recovered by various methods, 'rhms 
Baswitz (Dingl. poly. j. 245, 415) runs thovina.s,so, 
concentrated to 31° or 41°Be., in a thin jot into 
red-hot retorts. The gaseous produces pa.ss 
through a pipe filled with pieces of fircljriok and 
heated ontside by waste heat ; further on some 
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tar is condensed, rich in pyrrole and pyridine 
bases, then the ammonia is absorbed m sul- 
phuric acid ; finally the methyl alcohol is oon- 
densed ]?y cooling, and the uncondensed gases 
are returned to the fire. Each retort takes a 
charge of .360 litres of concentrated vinasse 
every 12 hours ; the produce of 4 retorts is : 
S7-5 kilos, ammonium .sulphate, 30 kilos, liquor 
containing amines, 4 to 4-5 kilos, methyl 
alcohol, 57 ‘5 kilos, tar. (The process did not 
pay when the price.s of the above products went 
down.) H. Rirzel (Zeitsch. Chem. 11, 346) 
employs a vacuum apparatus with mechanical 
stirrer. Porsche and 8ohn (Dingl. poly. J. 244, 
85) carbonise the vinasse with lime in order to 
increase the yield of ammonia ; they assert 
that up to 80 p.c. of the nitrogen can be thus 
obtained as NI-I.,. Similar processes are patented 
by E. Ernst {ibid. 244, 86 ; 245, 413), by Opper- 
mann, by Gaillott, and by the Waghausel Sugar 
Company {ibid.). Ledorer and Gintl [ibid.) 
carbonise vinasse, or the liquors of the lime and 
osmose process in revolving drums by a con- 
tinuous process, the gases being treated for the 
recovery of ammonia. 

Other apparatus for treating vinasse are 
those of Kux (Dingl. poly. J, 247, 163), of 
Klauning {ibid. 261, 256), of Gontard {ibid. 258, 
498), and of Thoison {ibid. 257, 405). 

Worl'inrj-up of the vinm^e cinder. The 
cinder i.s broken up into pieces of the size of a 
rnan’s fist, or rather loss, and is methodically 
lixiviated with hot water in the usual way. The 
liquor is. run off at a strength of 23-32°Tw. 
'rhe black residue (grey after drying) contain.s 
from 8-12 p.c. of alkaline salts (partly being 
potassium sulphate, partly not soluble in water), 
20-40 ]o.o. carbonaceous matter, containing a 
little nitrogen, 15-30 p.o. calcium carbonate, 
and a few i).c. of other earthy matters. The 
first evaporation takes place by means of steam 
coils, and is carried to 74-82°Tw., the concen- 
tration being higher in summer than in winter. 
Most of the potas.sium sulphate is now precipi- 
tated as a fine mud; after two hours’ settling 
the clear lirpior is allowed to cool down, when 
impure pnta.s.siura chloride crystallises out. Ac- 
cording to whether the salts arc at once sub- 
jected to methodical washing or not, they contain 
loss or more potassium carbonate, as shown by 
the analy.se3 of Tissandicr (Wagner Jahr, 1868, 
286). The analysis of a largo number of French 
saraple.s of suc.h chloride (by Blattner, unpub- 
lished) yielded — 


Potassium chloride 
Potassium sulphate 
Potassium carbonate 
Sodium carbonate , 
Water . 


66-21 to 87-55 p.c. 
5-27 „ 19-86 „ 
0-10 „ 6-49 „ 

0- 40 „ 4-57 „ 

1- 40 „ 8-79 „ 


'rhi,s_ product is principally employed for con- 
version into sulphate, and then into carbonate, 
by the Leblanc process. 

The mother-liquor is further evaporated by 
oi)en lire in wrought-iron pans with flat or 
Haddle-.shaped bottom.s, in three .stages, down to 
J27“-142°Tw, During evaporation, monohy- 
drated sodium carbonate is separated, which 
must be fished out, and i.s purified by washing 
and calcining ; on cooling down, to 97‘^Tw'., 
principally potassium cldoride crystallises out. 
This is washed like that obtained previously. 


but beyond that strength the crystals consist 
principally of a potassium-sodium carbonate 
K2C03,]Sfa2C03,12H20, together with some hy- 
drated jrotassium carbonate, K2C0.„2H2O. The 
double carbonate is re-dissolved in a little hot 
water and evaporated down to 127^Tw,, during 
which operation nearly all the sodium carbonate 
separates as — — ’t, and is removed 
by fishing. ' ■ ■ ■ . ■ ■ ! ■ from this opera- 

tion is boiled down, together with the mother- 
liquor formerly obtained, and is, after proper 
.settling, calcined in a reverberatory furnace. It 
yields a crude potassium carbonate containing: 


K2C03 . 

. . 80-84 p.c 

NagCOa 

. 8-10 „ 

KOI 

. 3-4 „ 

K2SO4 . 

• 3-4 „ 

KaSiO, . 

. 0-25-0-5 „ 

KaliPOi . 

. 0-3-1-5 „ 

Insoluble . 

. 0-1-0-2 „ 


Bauer (D. R. P. 191105) obtains technically 
pure potassium carbonate from vinasse cinders 
by heating the solution to 63°B6., separating 
the precipitated salts, heating the purified solu- 
tion to 90°, until a concentration of 56°-C2°B6. is 
attained and allowing to cool, whereupon potas- 
sium sodium carbonate crystallises out and is 
decomposed into K2CO3 and Na2C03 by fusing 
and keeping at 50°. 

Part of the potassium .sulphate is formed 
from thiocyanate ; and this salt itself is partly 
formed during the evaporation, from potas- 
sium ferrocyanido and sulphide as witnessed 
by the ferrous sulphide, always precipitated 
together with the fished out soda. This purifica- 
tion from iron is very important, and is sometime.s 
promoted by ijurposely adding potassium sul- 
phide to the liquors in sufficient quantity to 
precipitate the iron. Otherwise, even white 
potash is discoloured on contact with the air. 
Onco calcined potash, when treated as above, is 
sufficiently pure and white, but otherwise it can 
be purified by re-dissolving, settling, and recal- 
oining. The analyses given at top of next page 
show the position of different descriptions of 
vinasse potashes. 

6. Potash, frorri suint. The ‘ suint ’ or ‘ yolk,’ 
which forms a third or more of the weight of raw 
sheeps’ wool, was proved by Chevreul to contain, 
together with many other substances, a consider- 
able quantity of potash, combined with fatty acids 
to form a soluble soap. Maumon6 and Eogolet 
were the first, in 1859, to utilise this for recover- 

' I 

' ■! "I’! ■' -I I -. example 

has been followed elsewhere, but not to any 
great extent. 100 parts of raw wool are stated 
by Maum,on6 to yield from 14 to 1 8 parts of salts, 
or about 5 parts of pota3.sium carbonate ; hence 
the 60,000 tons of wool annually imported into 
the United Kingdom ought alone to yield about 
3000 tons of potassium carbonate, none of whi(3h 
is recovered up to the present. Even at Roubaix, 
Rheims, and Elbeuf, in lieu of the 3200 tons 
obtainable from the wool consumed there, only 
150 tons per annum are actually recovered ; the 
‘ of suint pota.shos in Franco, 

■ ■ . : ■ ■ -unany probably does not exceed 

2uui> t(m.s per annum. 'J’his i.s'hll the more to 
be regretted as-tho potash cnntai?»ied in sffint in 
the ordinary course of washing raw wool in a 
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Analyses of Commebciat, Vinasse Potashes. 


Origin 

K 2 CO 3 

hlaaCOa 

K 2 SO 4 

KOI 

Insol. 

HjO 

Analyst ^ 

French potash . 

53-9 

23-1 

2-9 

19-6 





Pesier 

Valenciennes potash . 

79-0 

14-3 

3-9 

2-8 

— 

— 

Griineberg 

Refined potash . 

92-68 

3-98 

0-43 

2-45 

0-06 

0-50 

Tatlock 

9f 99 •• • 

91-22 

2-8S 

2-76 

1-92 

0-08 

0-85 

„ 

99 99 •• • 

90-83 

2-68 

2-67 

2-62 

0-27 

0-90 

5, 

„ „ . . . 

90-26 

2-52 

3-81 

2-32 

0-21 

0-45 

Giunebcrg 

Belgium crude ash 

43-0 

17-0 

4-7 

18-0 

— 

— 


34-3 

13-0 

11-0 

23-6 

— 

— 

99 

Magdeburg crude ash 

32-9 

18-5 

14-0 

16-0 

— 

— 

99 


27-1 

18-0 

10-0 

9-5 

— 

— 

J, 

Wlighauael (refined) . 

94-39 

trace 

0-28 

2-41 

0-18 

— 

V. Groninson 


88-73 

6-45 

2-27 

1-01 

— 

— 

Keller 


78-10 

13-33 

2-31 

3-21 

3-05 

— 

Tissandier 


81-22 

13-15 

1-78 

3-25 

0-80 

— 

99 

j 99 * 

91-25 

4-73 

0-80 

2-61 

0-61 

— 

” 


running stream does not return to the soil, but 
merely contributes to the pollution of water- 
courses. But the difficulty in the way of the 
general adoption of the recovery process is, that it 
does not pay on the small scale, and that neither 
producers nor consumers of wool, in the majority 
of cases, will relegate the scouring of their wool 
to a central manufactory, where it is doubtful 
whether the different parcels can be kejjt entirely 

distinct. It is thus preferred by ■ ■ ' ’ 

to wash their own wool, and, if j ■ 

I.-",.-... - --pon their meadows. 

■ ■ ■ ■■ /orking the wool for suint 

, v i . Instead of washing the 

■■ ■. ■■■, ,: ■ ■■ , 'unning stream, and after- 

wards scouring it with soap, soda, or putrefied 

urine, the wool is, befor - 

process, submitted to a ■ ■ 
with cold water, either in a series of casks or 
tanks, or in mechanically-acting washers, for 
instance that constructed by H. Fischer (Dingl. 
poly. J. 218, 484 ; 229, 446). The dilute wash- 
ings are always utilised for the first treatment of 
a fresh quantity of wool. Thus a brown liquor 
of about sp.gr. 1‘12 is obtained, which is evapor- 


ated in iron pans of very different constructions 
where the fuel can be efficiently utilised — for 
instance, in the reverberatory furnace of 
Werotte, in which the flame is drawn through 
the liquid itself by means of an exhauster ; or 
by means of discs fixed on a shaft revolving in 
the boiling-down pan. Thus a pasty mass is 
obtained, which is either calcined in an open 
furnace or submitted to destructive distiUation 
in gas retorts, in order to recover ammonia and 
illuminating gas. The carbonaceous residue is 
lixiviated and the liquor is treated similarly to 
that obtained from vinasse cinder, producing, 
by fractional evaporation and crystallisation, 
successive crops of potassium sulphate and 
chloride. But as suint contains but little soda 
(in the ease of inland-fed sheep only 2'3 NagO to 
100 KgO, with sheep fed on the sea coast 13 NagO 
to 100 KgO), the crystallisation of the double 
carbonate of potassium and sodium docs not 
take place, the liquor being directly brought to 
dryness and calcined. 

Suint potash, if unadulterated, in fact con- 
tains but little soda, as can be seen from the 
following analyses : — 




From Vorviers 


First quiility 

Second 

quality 


Tissandier 

Werotte 


Tatlock 


K^COa 

71-62 

79-01 

72-25 

68-50 

64-30 

91-20 

89-41 

80-57 

NcigCOg. * . . , 

4-96 

5-15 

6-14 

3-20 

3-10 

4-39 

3-83 

2-48 

K0SO4 

2-48 

3-03 

3-33 

2-10 

2-49 

0-52 

0-17 

4-75 

KOI 

6-88 

6-12 

7-04 

12-50 

16-88 

1-97 

1-67 

4-51 

KoSiOa ..... 

— 

— 



8-50 

8-00 



„ 

— 

Insoluble .... 

11-98 

5-28 

11-19 

1-48 

1-55 

0-04 

0-06 

0-30 

Water ..... 

2-83 

1-20 

1-05 

2-77 

2-80 

1-60 

4-70 

7-25 


T’" f-” — -r - ’-.alyses, by W. Graff, give the 
■ / _ potash, made in Germany — 

viz. {a) by the simple steeping process, (b) and (c) 
by methodical lixiviation : — 


K,CO, 

a 

. 31-16 

1) 

75-01 

71-40 

KoSiO, 

KaHPOi 

. 17-44 
. 0-50 

0-62? 
0-71 (■ 

1-50 

KoSOa . 

. 2-00 

4-12 

5-32 

KCl . 

. 3-93 

5-68 

0-74 

Na..CO., 0 . 

. 3-15 

3-07 

4-5.5 

H3O ; . 

. 1-22 

1-30 

4-72 

InAluble 

. 40-60 

l)-49 

5-77 


Potassium hydroxide {Cavstic ■potash). The 
majority of soap-makers prefer causticising 
their own potassium carbonate, as they 
mostly do not require to do this thoroughly. 
Still the manufacture of caustic potash in 
the solid state is carried on to some extent 
on the largo scale, with black-ash made by 
the Leblanc process from potassium sul- 
phate, precisely in the same manner as 
caustic soda is made, so that we can refer 
to that article. In this place we need 
only give the analyses (by Tatlook) of some 
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(D. R. P. 117748) efiect such a purification by ; 
fractionated crystallisation at 60°. fi 

L A. Reich p. R. P. 161795) prepares 
caustic potash by boiling potassium silico- ji 
fluoride with caustic lime. 

Crystallised' ' -‘i ’"•■’'■vir''''''' is obtained 

by Salzbergwer. : '■.i-i :■ ' r 1*. P. 189835) ^ | 

by conducting the concentration of the solution 
in a special manner. _ | ' 

Potassiuna silicate. Potassium silicate, or i; 

soluble potash glass, has approximately the ;i;| 

formula K20,4Si02, It is prepared exactly like j,j 

the more common soluble soda glass, by flujdng j 

together white . ■ .1 <■ : d " ' ‘ ■ -- '■'’V cai’bonato in a ! 

reverberatory ■ ■ with a little : 

charcoal, which aids in expelling the carbon | 
. 1 .. — .1 to monoxide. The follow- I, 

■ ■ . ■ ; : bated by N. Fuchs to be 

. .i ■ ; sand 45 parts, commercial • 

; ■■ i .■ i ocl charcoal 3 parts, to bo 

fused for 5 or 6 hours until no more gas escapes ; '< 

the product is 68 parts of silicate. 0. Schiir | 

prescribes : 90 sand, 62-6 potashes, 1 *6 charcoal ; l' 

product 1 1 2 -5 to 1 16 soluble glass. Some manu- 1, 

facturers employ potassium sulphate in lieu of j' 

carbonate, ■‘r-r-' ’’"’' larger proportion of - 

charcoal, bi. much more difiicult ! 

than with .■= ■ ! potassium silicate j 

is a transparent glass, tinged a bluish green, | 

which is either sold as such, or in the. state of a j; 

thick solution, urob'-Cf-rl by boiling it with water ; 
for a long f-r'-: li,.! ly under pressure. ’ 

Frequently a mixed silicate of soda and i)otash , 

is produced, either by using a mixture of potash 
and soda in the fluxing process, or by mixing 
the solutions. s 

I’otassium silicate can be obtained also by ? 
dissolving yery finely-divided silica (in the shai)e > 
of ignited and ground flints, or of ]<ioselguhr, or j 

Farnham stone) in a very str''r;_g ■aolution of ( 

caustic potash, by pri I. idi.'ig, or in a f 

shorter time by boiling under pressure. This \ 

process is actually used for the manufacture of <• 

sodium silicate. ( 

rn,, , J! „ _ ™ analyses, by Tatlock, show the < 

.■Dmmoroial potassium silicate: — | 


Solid 


Lifiuid 


a 

a 

0 

22-91 

9-46 

4-31 

3-49 

1-28 

1-62 

4-20 

1-80 

66-84 

23-28 

24-32 

16-64 

1-08 

0-67 

0-61 

1-48 

0-48 

0-41 

0-67 

3-62 

0-32 

. — 

__ 

— 

7-09 

64-06 

65-89 

73-07 


samples of caustic potash made on the large 
scale : — 


% 



White 

Brown or cream 

Potassium hydroxide 

77-64 

76-64 

74-05 

Potassium carbonate 

4-62 

2-64 

3-14 

Potassium sulphate . 

0-38 

0-21 

0-69 

Potassium cldoride . 

2-29 

0-93 

2-26 

Potassium nitrite 

0-87 

— 

— 

Sodium hydroxide . 

4-67 

2-59 

3-20 

Soluble silica and alumina 

0-30 

0-20 

0-66 

Insoluble matter 

0-02 

0-22 

0-69 

Water .... 

8-84 

17-80 

15-80 

Available potash, KoO 

68-33 

65-24 

64-31 

Available alkali, calcu- ) 
lated as K^O . . ) 

73-83 

68-28 

08-08 


Graff (D. R. P. 88003) prepares potassium 
hydroxide from vinasse cinder. The solution of 
tl'iis product is causticised, concentrated by 
evaporation, separated from the potassium sul- 
phate and chloride crystallising out and now 
contains only sodium and potassium hydroxides. 
The ncicessary quantity of potassium carbonate 
is added to convert the sodium present into 
the double salt KNaCOj, which is removed 
l)y conc:entration aiid cooling, leaving pure 
KOII in solution. Or else the pota.ssiura 
hydroxide is separated from the potassium- 
sodium carlionate by evaporating the mixture 
to dryness and extracting the KOH by means 
of alcohol. 

N. 'F. Bacon (D. R. P. 99344) employs a hot, 
conoentrated solution of strontia into w^hieh 
solid i)otas.sium carljonato is introduced. The 
conversion into KOH and BrCOs is almost 
instantaneous. 

Tlu*. Cheinische Fabrik Griesheim (.D. R. P. 
108500) gives detailed prescriptions for the 
purilication of caustic potash solution by 
diffusion. The Salzbergwork Neustassfurt 


a 


■Pf)tash (as silicato) . 

23-54 

Soda (ditto) . 

1-28 

Silica .... 

65-60 

Potassium sulphate 

0-87 

■potas,sium chloride 

0-48 

Alumina and ferric oxide 

0-40 

Water .... 

^ 7-8.3 


'I'lus total quairtity of potassium silicate manu- 
factured :■ ’ ' ■ ■ with that 

of sodium : " ■■ ■■■ itJ ca-n 

l)e nearly ■ ■ ' ' per sodium 

.silicate. s','- ' ■ '-o painting, 

and for si few other imrposes. 

Potassium nitrate U^aliiuire, nitre). Ikitsis- 
siom nitrate KNO^ is first mentioned by Oeber, 
in the eiglith eeiitury, an<l again by the silchem- 
ists of the thiitceuth century. Agricola in 


1546 gives a description of its manufacture from 
saltpetre earth, winch does not materially diiler 
from the present process. The artilioial pTc- 
paration of this substance from Ohiioan sodium 
nitrate is comparatively a recent pi'ocesH, duo in 
the first instance to the greatly -increased demand 
produced by the Grirnean war, but tliis manufae- ; 
turo has gained very large lUinienKidns, and is 
now much mqro important thanj^the working of 
natural saltpetre earths. s' 
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M.anujactim oj saltpetre from natural 
re earths. Such earths are found prin- 
'■ in East India, where the district of 
i, in Bengal, is the most important one 
s respect, and whence nearly ah. the 
d saltpetre still manufactured is derived, 
ir deposits are found in Egypt, Persia, 
iry, Apulia, Kentucky, &c., none of 
is of more than local importance 

e raw material occurs only occasionally in 
brata or nests ; it is mostly a product, 
ually re-formed by the action of atmo- 
3 air upon nitrogenous organio matter 
3 presence of bases, such as lime, mag- 
and potash (for which, in Peru, near the 
ast, soda is substituted). The organic 
5n is not simply oxidised by atmo- 
3 oxygen ; the process of ‘ nitrification ’ 
takes place except in the presence of 
i microbes, as first proved by Sohlosing 
[iintz (Oompt. rend. 84, 602 ; 85, 1018 ; 
i2), and confirmed by many subsequent 
ers. 

lether the formation of ammonia is an iu- 
sable intermediate link remains an open 
311. The nitrification process is, of course, 
more intense in hot countries, where it is 
ted by the abundance of organic matter, 
7 the moist and warm atmosphere. It is 
! dependent upon a supply of nitrogenous 
3 substances', and has nothing to do with 
reot formation of nitric acid from atmo- 
1 oxygen and nitrogen by the electric 
rge. Saltpetre earth is, consequently, 
found in the neighbourhood of 'villages, 
urine, &c., yields an abundant supply 
inio nitrogen. In Bengal it is collected 
special caste, the ‘ Sorawallahs,’ partly 
he soil, partly from the surface of mud 
mud cottages, &c., by scraping oil 
ppermost layers which show a white 
icence. 


The following analyses show the composition 
of some Indian saltpetre earths : — 


— 

Tirhftt 

(Steven- 

son) 

Tirhdt 
(J. Davy) 

Ceylon 

(J.Davy) 

Potassium nitrate . 

0-7 

8-3 

2-4 

Calcium nitrate 

0-9 

3-7 



TIT . .!!-_/ 

— 

— 

0-7 

" = -i 

2-7 

— 



Sodium chloride 

1-4 

0-2 



Calcium sulphate . 

— 

0-8 

. — 

Magnesium sidphate 

— 

— 

0-2 

Calcium carbonate . 

44-3 

35-0 

26-5 

Insoluble in acids . 

50-0 

40-0 

00-8 

Water and organic ) 
substances . \ 

— 

12-0 

9-4 


Ganges mud, according to Warnoford Lock, 
contains 8*3 p.c. potassium nitrate, and 3*7 p.c. 
calcium nitrate. This earth is lixiviated in 
earthenware dishes, or -wooden boxes, or in 
pits dug in the ground and made tight by a clay 
puddle. The liquor is concentrated in iron pots, 
or sometimes only by solar heat, and a crop of 
very crude saltpetre is thus ol)tained. The 
mother-liquor is further evaporated to obtain 
common salt, and the last mother-liquor, which 
contains a large quantity of calcium and mag- 
nesium nitrate, is mostly run to waste. Occa- 
sionally a somewhat more rational process is pur- 
sued, by mixing wood-ashes with the saltpetre 
earth previous to lixiviation, or adding such ash 
to the solution during concentration ; the potas- 
sium carbonate of the wood-ash then converts 
the earthy nitrates into potassium nitrate. Tho 
crude saltpetre, obtained from the clarified liquor 
by slow evaporation in earthenware pots, is 
called ‘ dhouah j ’ it contains from 45 to 70 p.c. 
KK 0 3, and is re-crystaUised by native merchant.s, 
who sell it in this state as ‘ kalmee.’ The fol- 
lowing analyses, by Tatlock, show the composi- 
tion of some samples of Indian saltpetre ; — 




Bengal ordinary 
1 

Commercial 

2 

Bombay 

1 

Crude 

2 

ssium nitrate 

•51 

89-36 

72-46 

36-06 

ssium sulphate 

0-89 

0-75 

0-13 

2-64 

ssium chloride 

0-84 

4-57 

6-65 



um nitrate .... 

— 

— 

— 

0-26 

um chloride .... 

0-20 

0-31 

17 41 

47-43 

Lum sulphate 


— 

0-19 

2-21 

nesium nitrate 

— 

1-97 

0-17 

2-08 

luble 

0-21 

0-14 

0-14 

1-55 

er 

1-35 

2-90 

2-85 

7-95 


ample of the ‘ refuse salt ’ left behind on 
allising the first crop of crude saltpetre, 
Led 8'83 K2SO4, 13d5 KNO3, 21-14 

ording to Ljubawin (Fischer’s Jahresb. 
(62), there is a large deposit of saltpetre 
n the Khanat of Khiva, south-west of 
ukus, of the following composition : — 

luble in water . . 27-89 p.c. 

ublo in hydrochloric acid 17-14 ,, 
rbon dioxide . . 5-73 ,, 

?oluble in^cids . . 48-42 „ 

-- ^ §9-18 „ 


The portion soluble in water contains : — 


KNO3 . 
NaNOg . 
Mg(N03)2 


NaOl 


.5-52 p.c. 
4-05 „ 
1-04 „ 
12-90 „ 


CaSOji . , 3-25 p.c. 

MgSO^ . . 0-66 „ 

Total nitrates 10-61 „ 


Saltpetre earths are found, and are worked 
by processes quite similar to those used in 
India, in some places in Persia, Egypt, Spain, 
Hungary (near Debreczin) and elsewhere. 

An artificial saltpetre earth is, or formerly 
was, prepared in some European countries 
(Hungary, Switzerland, Sweden) by mixing a 
porous soil containing much calcium carbonate, 
with decaying animal substances ; for instance, 
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by preparing such a soil underneath the floor 
of stables where cattle and sheep are kept, the 
urine (K-iiei ".i!'.;:, iid.-o the soil, and there under- 
goes i l.e vi.rliii.-eiion process. In Sweden, where 
formerly every landov. !>.“r v. obh.'-, ;i i ; 
to Government a certi. o ;■ o; i. -i 
saltpetre, all sorts of n-ii..-; \v:,' up 

in this manner, in special ‘ saltpetre plantations.’ 
About 100 tons per annum were made in Sweden 
in this way, but this process has been given up 
as uni)rofitable. In Prance, during the wars of 
the lievolution, when Indian saltpetre was in- 
accessible, that process was made compulsory by 
a decree of the Convention, and it is asserted 
that 2000 tons per annum were then made in 
this way ; but there also the home manufacture 
had to be given up as soon as saltpetre could be 
iinxJortod from the East. Since the manufacture 
of saltpetre from nitrate of soda is making a 
severe u ■'o Indian saltpetre, it 

seems .i. ■ . • look to European 

sources ; here the nitrogenous 

substances are better utilised for agricultural 
purposes. 

Another kind of crude saltpetre, made from 
the ■ , ‘ ; r ’ = - i ^ ’ the working of ‘ caliche ’ 
for ■ ■ ' ■ , ' ometimes sent to Europe 

from South America. It contains from 16 to 26 
p.c. of potassium nitrate, 51 to 77 p.c. of sodium 
nitrate, 1 to 3 ', v-- 16) p.c, of sodium 
chloride, and of sulphates and 

iodates. Its vame is narcuy greater than that 
of its eq,uivalent of ordinary commercial sodium 
nitrate. 

According to Saco (Compt. rend. 90, 84), in 
Bolivia, near the viUago of Arand, East of Cocha- 
bamba, a large deposit has been found of the 
following average composition ; 60-7 potassium 
nitrate, 30 ’7 borax, traces of common salt, and 
water, 8'6 organic matter. If this were con- 
firmed, it would be very valuable indeed. 

Refining of salipelre. The East Indian salt- 
petre, before it can bo iised for the manufacture 
<jf gunpowder and other purposes, must be puri- 
fied, espeoiaUy from chlorides. This is done on 
a very large scale in England, Prance, and Ger- 
many (especinlly at Hamburg). The most usual 
is the Prench method. In an iron or copper 
pan 1050 kilos, saltpetre is dissolved in 600 litres 
of water at a gentle heat ; the solution is brought 
to boiling heat, and another 1800 kilos, of salt- 
petre is dissolved in it. When employing these 
proportions with saltpetre containing about 20 
p.c. of chlorides, the nitrate is dissolved com- 
pletely, the cMo rides but partially. Tlie latter 
are fished out with a perforated ladle. If pal- 
eium or magnesium salts are present, potassium 
carbonate is’added Until a fairly alkaline reaction 
has been produced. The hot clear liquor is 
diluted with 300 litres of water, a solution of 1 
kilo, glue in 20 litres of hot water is stirred into 
it, and the whole brought to boiling again. The 
glue combineswith the organic substances present 
forming a scum, which rises to the surface and 
ia carefully removed. When no more scum rises 
to the surface, the liquor is allowed to settle for 
21 hours, ~ry "ooling down below 

90°O., and . ■ ■ . ' ■ " 

•coolers. As soon as the ' ■■■■'■ ■ ' ■ 

the liquid is constantly ' ' ■ ■■ ■ ' y 

or better by machinery. Thus the potassium 
nitrate separates as minute, floury, crystals. 
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which do not, like large crystals, inclose mother- 
liquor in hollow spaces. The crystal flour is 
drained ; the mother -liquor (GOO to 600 kilos.) is 
used over again in diss<flving fresh saltpetre. 

The small crystals must now bo waslicil to 
roinovo all adhering . 'V -’-■-i-'r. 'r-’ -'gdone 
in vessels provider . i . . ■ false 

bottom, covered with linen. When all liquor 
has drained off, the bottom tap is closed, cold 
water is sprinkled upon the salt by means of a 
rose, the whole is allowed to stand for some 
hours, and only then the liquor is run off. This 
is repeated several times, until the liquor shows 
next to no reaction for chloride. The last 
liquors are used in a now operation for the first 
washings. In thi.s way the chlorides may bo 
brought down to 0-005 p.c. 

The drained crystal flour is dried in stoves 
or frames covered with canvas, or better on 
steam-heated pans, with mechanical stirring 
G'ust as they have been described for pota.s- 
sium chloride), and is mostly sold in this shape. 
Sometimes it is required in the shape of large 
crystals, -which are very easily obtained by 
dissolving the flour in a small quantity of hot 
water and allowing the liquor to cool quietly and 
slowly. Exceptionally, it ia fused into cakes or 
drops, which always contain a little nitrite (the 
‘ sal prunollBB ’ or ‘ nitrum tahulatum ’ of 

f--— -y-mists). 

.i. of potassium nitrate from 

nitrate sodium, ' Artificial saltpetre ’ was first 
made on a small scale by Longchamps and 
Anthon, with the aid of Chilean sodium nitrate 
and of potassium chloride, which, however, at 
that time was only obtainable from kelp, and 
was too expensive. When, hi consequence of 
tho increased demand for saltpetre during the 
Crimean war, especially in Eussia, the manu- 
facture of that substance from Chilean sodium 
nitrate became more remunerative, it was first 
carried out, in 1863, by Nollner, Griineberg, and 
others, with the aid of caustic potash and of 
Russian potassium carbonate ; later on, more 
cheaply, with that of vinassa cinder (‘ schlempe- 
kohlo,’ cf. p. 369), which was used directly, 
without any separation of the salts. Eor this 
purpose sodium nitrate and £ 
quantity of vinasso cinder were ■ I . 

.. ■'■>■■■ ^ '■’■or; by the reaction 

. -.'V. ;;K .-l-NajCOa anhydrous 

• ,,< . 1 reduced, which was 

fished out of the boiling liquid, together with the 
sodium, carbonate originally present, and with 
the less soluble potassium salts, while the 
potassium nitrate remained dissolved at boiling 
heat and only crystallised out on cooling. Tho 
mother-liquor yields a mixture of about 63 parts 
NaCl, 31 Na.,COg, and 10 IC2SO4, which is used 
by soap-makers (cf. Dingl. poly. J. 118, 200 ; 
155, 418; 163, 314; 166, 75; Chem. Zentr. 
1872, 491). This process has been given up long 
ago, principally because tho separation of the 
salts is too difficult and the value of potassium 
carbonate is too great, _ " 

Tho separation of the substances is easier 
when caustic potash is employed, in which case 
the reaction produces potassium nitrate and 
caustic soda ; tho mixture can then ho allowed 
to cool. The potassium nitra^S^ is all but com- 
pletely separated as fine crystgi^s, and^odiuni 
|, hydroxide, with some impurities, remains in 
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solution. By further concentrating this, solid 
caustic soda can bo obtained. This proce.ss 
was carried out by Nolluer, Landmann, and 
Schnitzer (Dingl. poly. J. 117,68; 102, 132) by 
adding lime to the boiling mixture of potas- 
sium carbonate and sodium nitrate until the 
alkali was causticised, whereupon the liquid 
was separated from the lime-niud, concentrated 
by evaporation, and allowed to crystallise. 
Much more rational than this was the process 
carried out at St. Helens in 1864 {ibid. 182, 

385) , decomposing potassium chloride by sul- 
phuric acid, converting the potassium sulphate 
by Leblanc’s process into a kind of black-ash, 
dissolving and oausticising the caustic solution 
to sp.gr. 1-50, adding an equivalent quantity of 
sodium nitrate and allowing the potassium 
nitrate to crystallise by cooling. The mother- 
liquor was further concentrated, during which 
operation some salts were separated and fished 
out, and on cooling yielded a second crop of 
potassium nitrate ; the second mother-liquor Avas 
worked up as caustic soda. .This process does 
not seem to be worked now. 

The process of Bolley (Wagner’s J. 1860, 
201 ; 1 866. 227), converting sodium nitrate by 
means of barium chloride into barium nitrate, 
and converting this by potassium sulphate into 
barium sulphate (‘ permanent white ’) and 
potassium sulphate, is evidently not fit for 
general use, and can only pay in very exceptional 
circumstances. 

The only process now in practical use i.s that 
of employing potassium chloride, originally pro- 
posed by Longchamps, and worked out by 
Anthon (since 1840, but more e.specially tn 1868, 
Dingl. poly. J. 149, 39) in the shape in which it 
is now carried out. A theoretical study of the 
conditions of equilibrium between the reciprocal 
pairs of salts : KCl, NaNOg and NaCl, KNOg, has 
been made by Meyerhoffer (Ber. 1904, 261, 
et seq.}. The technical forms of the process have 
been described by Lunge (Dingl. poly. J. 182, 

386) and Pick {ibid. 215, 222), and it is carried 
out in several modifications, the best of which 
will now be described. 

Stassfurt ‘ muriate of potash,’ containing not 
less than 80 p.o. KOI, and commercial sodium 
nitrate (95p.c. ), are brought together with mother- 
liquors from a previous operation and with the 
liquid obtained by washing the nitre bags. (The 
Avashed nitre bags, when dry, are exceedingly 
easily inflammable, and must bo treated Avith 
the necessary caution.) The operation is per- 
formed in covered Avrought-iron cylinders, 8 ft. 
diameter and 6^ ft. high, provided with a 
mechanical stirrer, a steam coil, and a tap for 
an open jet of steam ; also Avith a 6-inch pipe in 
the cover, through Avhich the steam given off in 
the cylinder is passed under the double bottom 
of the mother-liquor tank. The liquor is first 
oojicentratcd by means of the steam coil to 
sp.gr. 1'63, adding a little oil in case of frothing, 
whereupon the materials are charged through 
the man -hole, first 3 or 3| tons of sodium nitrate, 
then the corresponding quantity of potassium 
chloride, which is so calculated that a very 
slight excess of nitrate is present. The Avhole is 
boued for halLan-hour to complete the de- 
composition, aift is then run through a 4-inch 
tap o%to the^lter or strainer, c*onsisting of a 
tank 8 by 8 by 6 feet, Avith a canvas-covered 


false bottom at a height of 4 ins. above the true 
bottom, and a .steam-pipe betAvecn the tAVO fo^ 
1 Here the .sodium chloride 


. i ■ ■ 

NaNOg-hKCl^KNOg-l-NaCI, 

Avhich, OAving to its relatively slight solubility 
in the hot concentrated solution, has been 
almost entirely precipitated iu the solid form, is 
retained on the filter, Avhile a liquor of .sp.gr. 1-63 
and a temperature of 95°G. runs off into the 
coolers. The common salt left on the filter i.s 
covered with hot mother-liquor, AA'hich is run off 
at a strength of 1'50 to 1‘53, also into the coolers. 
The Avashing is then continued Avith liquors of 
decreasing strength, ultimately Avith pure AAmter, 
imtil the salt eon tains only 0'6 to 0*9 p.c. of 
nitrate ; at some works they go doAvn to 0*25 p.c. 
The coolers are shalloAV iron vessels provided 
with either oscillating or revolving agitators, 
AAhich can be lifted out of the liquid. The liquor 
is kept in agitation during the Avhole time of 
cooling, AA'hich, Avith a depth of 8 ins. in the 
vessels, ought to bo finished in 30 to 36 hours. 
Sometimes this is hastened by a stream of Avater 
circulating on the outside of the vessel. 

The mother-liquor, of sp.gf*. 1-345-1-367, is 
run off into tanks provided Avith a double bottom, 
where it is heated by Avaste steam in order to 
be used over again at the first operation. Such 
mother-liquors are composed as follows. 100 
parts by volume contain : 



a 

6 

c 

Potassium nitrate . 

29*40 

25*6 

26*4 

Sodium chloride 

26*72 

14*2 

17*18 

Sodium sulphate 

1*32 

1*00 

1*81 

Magnesium chloride 

2*10 

6*2 

8*19 

Sodium nitrate 

— 

19*6 

7*19 

Sodium iodide 

— 

— • 

0*76 

, sp.gr. 1*348 at 19° ; 

h, sp.gr. 

1*395 at 17*5° ; 


c, remaining after Avorking up 5000 toms of 
Chilean nitre). 

The crude saltpetre flour, containing 7-9 p.c. 
NaCl, and 0-5-0-7 p.c. MgCL, i.s drained on ono 
side of the cooler, and is Avashed Avith the liquor 
resulting from ■‘’ e refined salt- 
petre, Avith the ' : . gear, until the 

chloride has come ctoAvn to u*8-2 p.c. It is then 
refined by dissolving it in AA'ashings of the pure 
salt to sp.gr. 1*53-1*55, filtering as above, and 
running it into iron coolers ; in doing thi.s, a 
very small quantity of ultramarine is added, to 
neutralise the discolouration produced by a small 
quantity of iron. Hero a mother-liquor of the 
following composition is produced : 


Pot'Lssium nitrate 

. 20*91 

23*4 

Sodium nitrate 

. 1*02 

— 

Sodium chloride 

. 5*94 

4*4 

Sodium sulphate 

. 0*12 

— , 

Magnesium chloride . 

. 0*78 

1*1 


{a, sp.gr. 1*184 at 17°; b, sp.gr. 1*180 at 18*5°). 

The crystals produced at the same time still 
contain 0*25 to 0*76 p.c. NaCl, and mu.st be 
purified by washing them AA'ith Avater in copper- 
lined iron vessels, in the manner described 
above for potassium chloride; this produce, s 
a liquor of sp.gr. 1*075-1*083. The washed salt* 
is drained, and is dried upon shalloAA*, circular 
cast-iron pans, heated by means of internal 
steam channels ; a revolving shaft moves the- 
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salt about by means of scrapers forced clown' 
by springs, and a conical roller . at the same 
'Sino crushes any lumps formed in drying. 
Each pan dries nearly 4 ton.s of nitrate in 
24 hours. Unavoidably, some crusts are 
formed at the bottom, which must be knocked 
off once a day. The dried saltpetre need only 
be passed through a sieve to be ready for pack- 
ing into casks. 

It is asserted that, when German muriate of 
potash ■ ■ ■ - 1 - - - -1 ' , '• magnesium chloride 

may re' . ^ ■ and render it deli- 

quescent ; this is to be counteracted by adding 
as much soda-ash as will throw down the mag- 
nesia. .Muriate of potash made from kelp con- 
tains no magnesium chloride, but from 6 to 8 p.c. 
of sulphate, which does not decompose with 
nitrate as easily as the chloride. In Germany 
the above-mentioned drawback has never been 
found ; nor can it be conceived that a mode of 
manufacture which actually brings doAvn the 
total chloride to 0-01 p.c. should leave anything 
whatever of the extremely soluble magnesium 
chloride in the saltpetre. 

The ‘ saltpetre salt ’ — that is, the impure 
sodium chloride f.prmed in this manufacture — 
contains about 98 p.c. of NaCl in the dry state, 
with 0-26 to 0-9 KNO3 and slight quantities of 
other matters. The nitrate makes it unfit for 
decomposing with sulphuric acid on account of 
the strong action on the iron pans ; it is u.sed for 
agricultural purposes, and for roasting the cin- 
ders from cu])reous pyrites in the process of 
copper-extracting by the wet method. 

, Potassium arsenate KI-IaAsO^ (Maoquor’s 
■ salt) is manufactured by fusing together equal 
parts of potassium nitrate and wlvite arsenic 
(arsenious oxide), dissolving the mass in water, j 
and evaporating ; on c()oling the liquor the 
arsenate crystallises out in large, soluble, 
quadrate crystals, wdiich do not deliquesce in 
the air. Tliis salt is used in calico-printing as 
a substitute for cow-dung. 

Potassium dichromate v . art. Cheomium. 

Potassium cyanides, ferrocyanide and ferri- 
eyanide, c/. OvANinns. 

Potassium ■nbosp^a+e. '^'he Stassfurter 
Cheraische Fabrii r- . ■ ■ and Griineberg 

(D. R. P. 84954) decompo.se calcium phosphatb 
with sodium sulphate, remove the luecipitatcd 
gypsum, add to the solution of sodium phosphate 
tile theoretically required quantity of potassium 
sulphate and cool down to -1-4® ; Glauber’s salt 
crystallises out and the solution contains 
primary potassium phosphate KHjPOj. 

G. Tj. 

POTATO, Solanum tuheronum (Linn.). This 
plant, a native of Anujrica, is grown for the 
sake of its underground tubers or thickened 
stems. These contain large stores of starch 
and other formative ma-terials intended a,s 
nourishment for future plants. Each tuber 
has several ‘ eyes ’ which are compound buds, 
capable of producing one or more stalks. Many 
varieties arc known, differing in colour, sixe, 
shape, and composition. 

The following figures illustrate the variation 
in composition which has been observed : — 

« Soluble 

carbo- Crude 

■Water Protein Fat hydrate.s llbro Ash 
68-82 0-5-3-6 0-05-0-80 12-26-5 0-3-1-4 0-4-1-5 
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The average composition (Konig) may he 
taken as — 

N-froe Crude 

Water Protein Fat extract libre Ash 

75-8 1-8 0-2 20-5 0-7 1-0 

Of tho total nitrogen, about half exists in 
non-protcid form, chieliy as ■■■) ’ ■ ’ ' ■ . 

leucine, xanthine, and tyre ! . ■ 

of tho potato consist of , 

soluble in dilute salt solution and showing 
coagulation on heating, incipient at about 60°, 
but not complete until 80°, and a proteose 
(Osborne and Campbell, J. Amer. Chem. Soc. 
1896, 18, 575). Tho characteristic poisonous 
constituent of potatos is solanim O52I-I93NO18, 
a crystalline substance melting at 244° and 
almost insoluble in .ether and alcohol. It is 
decomposed by dilute HCl, yielding solanidine 
OjoHniNOg (ni.p. 191°), soluble in hot alcohol, 
and a sugar (Firbas, Monatsb. 1889, 10, 641). 
An amorphous substance — soIaniHne 
— which also yields solanidine when heateil with 
hydrochloric acid, and which is apparently tho 
anhydride of solanine — is also present in the 
shoots of tho potato. 

The sugars formed by the hydrolysis of 
solanine are dextrose and rhamnoHO, according to 
Zeisel and ^Wittmanii (Eer. 1903, 36, 3654), 
whilst Votooek and Vondraoek (ibid. 1903, 36, 

4372) showo^'’ "pin ’■■i "i produced. 

This was ■■ (Monatsh. 

1905, 26, 4< . ■ . I formation 

of a dextro-rotatory sugar which he thought was 
probably a polysaccharide. 

According to Wintgen (Zeitscli. Nahr. 
Gonnssm. 1906, 12, 113), the amount of solanine 
in potatos is very small, tho highest and 
lowest amounts found jioing 0-1069 and 
0-0172 piarts per thousand. No increase in 
tho amount was oixsotved after prolonged 
storage, evoi: d potatos when tho 

shoots were ■. . :■ c;oncludo.y that tho 

amount of solanine is so small that no poisonous 
efTcct need lie feared. 

Ncwertliele.ss care should be talcen that 
animals do not cat the young shoots of sprouted 
potatos, for they have been found to contain 
as much as 60 parts of solanine per thoiKsaiicl. 
Potatos, greened by tho ae.Liou of liglit, also 
may contain as much as 3 times the normal 
proportion of solanine (Kellucr), Aeeording to 
Weil (Arch. Hygiene, 1900, 38, 330), ceriain 
bacteria induce the ffmmation of solanine in 
potatos. Some samples of potatos contained 
0-.38 p.c. of solanine. 

Of the nitrogen-freo extract, starch con- 
stitutes the grcatesii portion, but sugar (varying 
from about 0-6 to 1-2 p.c.) and pentosans are 
also present. The starch occurs in largo grains 
— the largest from 75^ to llOg in length — of 
au oval, ovate, ellip.soi<lal or eonchoklal outline, 
po.ssessing a distinct hilurn, generally situated 
in tliD narrow end of tho grain and with wcfl- 
marked, concentric striations. Potatos al|o 
contain small quantities of free acids, among 
which citric, succinic, and oxalic acids are 
probably tlio chief. 

For many purposes, tho commcrciah value 
of potatos depends upon their content of 
starch, and it is found that this l^ay be deduced 
with sufficient* accuracy (to ahow^ ] p.oA from 
a determination of the speoifio gravity 'of tho 
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tubers. This can be done by means of specially 
designed balances, capable of weighing about 
5 kilos, of potatos in air and in water. Accord- 
ing to tables calculated by Behrend, Marcher, 
and Morgen, the correlation between specific 
gravity of the tubers, proportion of total dry 
substance, and starch content, is as follows : — 
Specific Percentage of Percentage of 


gravity dry matter starch 

1-080 19-7 13-9 

1-085 20-7 14-9 

1-090 21-8 16-0 

1-096 22-9 17-1 

1-100 24-0 18-2 

1-105 25-0 19-2 

1-110 26-1 20-3 

1-115 27-2 21-4 

1-120 28-3 22-5 

1-125 29-3 23-6 

1-130 30-4 24-G 

1-135 31-5 26-7 

1-140 32-6 26-7 

1-145 33-6 27-8 

1-150 34-7 28-9 


Obviously such a table can only claim 
appromixate accuracy since the proportion of 
starch to other solid matter is variable in 
different tubers. 

Balland (Compt. rend. 1897, 126, 429) 
found, as the result of the examination of a 
large number of varieties of potatos grown in 
France, the following : — 

Weight Starch 

of tutoer F-com- and. 

grras. Water pounds Pat sugar Fibre Ash 

Maximum 420-0 80-0 2-8 0-14 29-9 0-7 1-2 

Minimum 23-0 66-1 1-4 0-04 15-6 0-4 0-4 

, The ash generally contains traces of man- 
ganese. The acidity varied from 0-07 to 0-26 
p.c. 

Forfang (Bied. Zentr. 1904, 33, 392) found, 
as the average of ten analyses of potatos 
grown in West Norway — 

Water 75-6 p.c., total dry matter. 24-4, 
starch 15-2, sugar 2-2, crude fibre 0-7, furfuroids 
0-7, total N 0-4, fat 0-04, and ash 1-0 p.c. 

Condon and Bussard (Compt. rend. 1897, 
125, 43) have examined the separate portions of 
potatos. They find that after the removal of 
the skin, there are three distinct layers, differing 
in composition — ^the cortical layer containing 
the highest proportion of starch and the lowest 

proportion of water and " " 

the external medullary 1 ■ 

composition and the internal medullary layer 
which is richest in nitrogenous matter and 
water and poorest in starch. The proportion of 
starch in the cortical layer may be twice as 
great as in the innermo.st layer, whilst, in the 
latter, the amount of nitrogenous matter may 
be 28 p.c. higher than in the cortical layer. 
They state that the culinary value of potatos 
ia^ directly proportional to the (Quantity of 
nitrogenous matter and inversely proportional 
to the amount of starch present, and that it 
may be measured by the ratio between these 
quantities. The power of the tubers to retain 
their shape and size when boiled in water is 
determined by the proteids present and is not 
dependent upqd. the proportion or size of the 
starchy grains^lpr the amount cj pectin sub- 
stances' present. The resistance to swelling uxj 

; ^ 913 


when boiled is measured by the ratio, proteid : 
starch, which in good varieties varies bet-wcen 
1 : 14 and 1 ; 8-6, while in the varieties AvhicHI 
disintegrate most it is 1 : 0 or even 1:4. 

T' _ ■ ; 1 “ 2ulinary jiurposes, the 

aim . . ( varieties with a thin 

cortical layer and tliorefo; .’■■■■ . whilst 

for industrial purposes, '. ■ , thick 

cortical layer and a high content- of starch are 
to be preferred. 

New varieties of potatos are continually 
being produced, for some of which great advan- 
tages are claimed. 

In 1901, a wild plant growing in Uruguay, 
which was first described in 1767 by Com- 
merson, was brought to Europe by Heckel. 
By cultivation, an edible tuber, equal to the 
ordinary potato, has been obtained, which it is 
claimed is immune to ordinary potato diseases, 
more resistant to frost, and capable of yielding 
enormous crops. This plant is knoAvn as 
Solatium Gommersonii (Dun.) and is characterised 
by the large number of aerial tubers which it 
produces, in addition to its subterranean ones 
.(Labergerie. Bied. Zentr. 1905, 34, 616). 

The ash of potatos, according to Wolff, 
contains on the average — 


KaO FaaO CaO MgO FcaO, PaOfi SO,, SiO, 
60-3 2-6 2-6 4-7 1-2 17-3 6-4 2-0 


Cl 

3-0 


Potatos are .7 -- as human 
food, as food _fc.- ■ ■ ■ (best after 

boiling T ■■ 1 •• y . _ asource 

of stare !,). 

As a food for animals, potatos are^used raw, 
steamed, as silage, or, recently, dried. The 
following figures (Kellner) show the composi- 
tion of those various forms : — 


— 

Water 

Pro- 

tein 

Pat 

F-free 

extract 

Fibre 

Raw, medium 

75-0 

2-1 

0-1 

21-0 

0-7 

„ watery 

83-0 

1-6 

0-1 

13-9 

0-6 

» dry 

74-0 

2-1 

0-1 

21-9 

0-8 

Steamed 

66-5 

1-5 

0-1 

30-1 

0-8 

Raw, as silage 

73-5 

2-2 

0-5 

21-7 

0-7 

Dried 

12-0 

7-4 

0-4 

74-0 

2-3 
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Ash 


M 

0-8 

1-1 

1-0 

1-4 

3*9 


The haulms and ‘ apples ’ (fruit) of potatos 
contain, usually, sufficient solanine to render 
them poisonous. They should not bo used as 
food for animals. 

Potatos grow best in deep soils, well drained, 
free from acidity, and well supplied with potash 
and nitrogen. 

For examples of the efficiency of spraying 
potato plants with coxjper compounds as a 
preventative of blight, v. Leaflet 14 of the Dept, 
of Agric. and Tcchn. Instruction for Ireland, 

H. I. 

POTATO OIL V. Fusel oil. 

POTATO STARCH v. Starch. 

POTTERY and PORCELAIN. The term 

‘ pottery ’ is a very elastic one. ■ '' 

used to indicate any article . ■ , ■ 

(or of a mixture of clays and other mineral sub- 
stances), and hardened by the application of fire. 
In this sense the term includes all kinds of 
crockeryware and such common articles as 
flooring and roofing tiles, drain-pipes, bricks, 




